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1
COMPOSITIONS AND METHODS FOR
DETECTION OF MYCOBACTERIUM AVIUM
PARATUBERCULOSIS

CROSS-REFERENCE(S) TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119(e) of
U.S. Provisional Application No. 61/619,196, filed Apr. 2,
2012, the entire contents of which are incorporated herein by
reference.

FIELD

The present teachings relate to compositions, methods and
kits for specific detection, diagnosis and differentiation of
Mycobacterium avium subspecies paratuberculosis (MAP)
for differentially detecting MAP from other non-MAP micro-
organisms including other Mycobacterium avium subspecies
(such as M. avium subsp. hominissuis (MAH), Mycobacte-
rium avium subsp. avium (MAA), and Mycobacterium avium
subsp. silvaticum (MAS)) in a variety of mammalian host
species.

EFS INCORPORATION PARAGRAPH FOR
SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. The ASCII
copy, created on Feb. 28,2013, is named LT00645_SI..txtand
is 27,112 bytes in size.

BACKGROUND

Mycobacterium avium subsp. paratuberculosis (MAP) is a
bacterium that causes Johne’s Disease (chronic granuloma-
tous enteritis of the small intestine) in livestock. Johne’s
disease results in decreased milk production, fetal loss, diar-
rhea and early death resulting in substantial economic loss to
the livestock and diary industry.

There is a need for assays for the rapid, sensitive and
specific detection of infectious pathogens for differential
identification of MAP from other bacteria and Mycobacte-
rium avium subspecies. Such assays are sought for diagnostic
identification of animals infected by MAP.

SUMMARY

The present disclosure, in some embodiments, describes
compositions, methods and kits for specific and/or differen-
tial detection and diagnosis of MAP from other Mycobacte-
rium avium subspecies and/or other non-MAP organisms.
Differentially detecting MAP microorganisms from non-
MAP organisms in a variety of mammalian host species pro-
vides elimination of false positives and superior diagnostic
tests which may include one-step diagnosis.

In some embodiments, the present disclosure describes
nucleic acid target sequences that are unique to MAP and not
present in other Mycobacterium avium subspecies. These
unique nucleic acid sequences comprise regions of MAP
genomes including non-coding regions, coding regions,
genes, alleles and variants thereof and/or portions and/or
fragments and/or complements thereof. In some embodi-
ments, a nucleic acid target sequence unique to MAP com-
prises the sequence of SEQ ID. NO: 1, SEQ ID. NO: 2, SEQ
1D NO: 3, SEQ ID NO: 4 and/or SEQ ID NO: 5, fragments
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thereof, complementary sequences thereof as well as
sequences having from about 80% to about 99% sequence
identity to one of these sequences. In some embodiments,
fragments comprise fragments having at least 10, at least 20,
atleast 25, at least 30, at least 40, at least 50, at least 60, at least
70, at least 80, at least 90 or at least 100, contiguous nucle-
otides, including all values in-between at least 10 and at least
100 contiguous nucleotides (such as 11,12, ...21,27 ...29
etc.), ofany of SEQ ID. NO: 1, SEQ ID. NO: 2, SEQ ID NO:
3, SEQ ID NO: 4 and/or SEQ ID NO: 5. Sequences having
80%-99% sequence identity may include nucleic acid
sequences that have 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% and 99% sequence identity to any one
of SEQID. NO: 1, SEQ ID. NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4 and/or SEQ ID NO: 5 and include all values in-between
80% and 99% not explicitly disclosed.

In some embodiments, compositions comprising isolated
nucleic acid sequences of SEQ ID. NO: 1, SEQ ID. NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4 and/or SEQ ID NO: 5, frag-
ments thereof, complementary sequences thereof as well as
sequences having from about 80% to about 99% sequence
identity to one of these sequences are described. In some
embodiments, isolated nucleic acid fragments comprise frag-
ments having at least 10, at least 20, at least 25, or at least 30
contiguous nucleotides of any of SEQ ID. NO: 1, SEQ ID.
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4 and/or SEQ ID NO: 5.
Isolated nucleic acids having 80%-99% sequence identity
include nucleic acid sequences that have 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% and 99%
sequence identity to any one of SEQ ID. NO: 1, SEQ ID. NO:
2, SEQ ID NO: 3, SEQ ID NO: 4 and/or SEQ ID NO: 5 and
include all values in-between 80% and 99% not explicitly
disclosed.

Some embodiments describe oligonucleotide primers for
use in a nucleic acid amplification method (such as but not
limited to PCR) for the detection of target nucleic acid
sequences that are unique to MAP. Oligonucleotide primers
of the present disclosure comprise at least two primers, hav-
ing at least a forward primer and at least a reverse primer, that
are operable to hybridize to target nucleic acid sequences that
are unique to MAP including portions and/or fragments and/
or complements thereof and/or sequences having at least
about 90% identity, and/or sequences having at least about
80% identity thereto. Some exemplary non-limiting primer
sequences of the present disclosure comprise isolated nucleic
acid sequences having the nucleotide sequence, of SEQ ID
NO: 6, SEQID NO: 7, SEQ ID NO: 9, SEQ ID NO: 10, SEQ
IDNO: 12,SEQIDNO: 13, SEQIDNO: 15, SEQIDNO: 16,
SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID
NO: 22, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 27,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID
NO: 33, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID
NO: 43, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 49, complements thereof and sequences having
about 90% identity to the foregoing sequences.

In some embodiments, primer sets are described having at
least 1 or at least 2 primer sets, wherein each primer set has at
least a forward primer and at least a reverse primer, that are
operable to hybridize to target nucleic acid sequences that are
unique to MAP including portions and/or fragments and/or
complements thereof and/or sequences having at least about
90% identity to, and/or sequences having at least about 80%
identity thereto. In some embodiments, primer sets may be
nested primers. In some embodiments, primer sets or primers
may be degenerate primers.
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Some embodiments describe oligonucleotide probe
sequences for use in detection of target nucleic acid
sequences and/or amplified target sequences that are unique
to MAP. Oligonucleotide probes of the present disclosure are
operable to hybridize to target nucleic acid sequences that are
unique to MAP including portions and/or fragments and/or
complements thereof and/or sequences having at least about
90% identity, and/or sequences having at least about 80%
identity thereto. Some exemplary non-limiting probe
sequences of the present disclosure comprise isolated nucleic
acid sequences having the nucleotide sequence, of SEQ ID
NO: 8, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17,
SEQ ID NO: 20, SEQ ID NO: 23, SEQ ID NO: 26, SEQ ID
NO: 29, SEQ ID NO: 32, SEQ ID NO: 35, SEQ ID NO: 38,
SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID NO: 47, and SEQ
ID NO: 50, complements thereof and sequences having about
90% identity to the foregoing sequences.

In some embodiments, isolated nucleic acid sequence
compositions of the disclosure, including primers, probes and
polynucleotides/oligonucleotides, can further comprise one
or more label, such as, but not limited to, a dye, a radioactive
isotope, a chemiluminescent label, a fluorescent moiety, a
bioluminescent label an enzyme, and combinations thereof.

The present disclosure, in some embodiments, describes
methods (assays) utilizing molecular methods such as nucleic
acid sequence specific amplification and detection that offer
significant improvements in speed, sensitivity and specificity
over traditional microbiological methods. Embodiments
relate to design and development of molecular detection
assays comprising identification of one or more target nucleic
acid sequence that is present in a MAP organism to be
detected and absent or divergent in organisms not to be
detected. Some embodiments further relate to designing
primers, including designing degenerate primers, that can
bind to and amplify one or more target nucleic acid sequences
encoding for a MAP-specific target nucleic acid and/or a
complement and/or a fragment thereof, and using the
designed primers to amplify and detect such target nucleic
acid sequences.

In some embodiments, methods of detecting in a sample
the presence of a MAP microorganism are disclosed. In some
embodiments, methods of detecting the presence of a MAP
strain are described.

The specification also discloses methods for detection of a
MAP organism from a sample and methods to exclude the
presence of MAP organism in a sample, wherein the detection
ofatleast one nucleic acid sequence that is specific fora MAP
organism is indicative of the presence ofa MAP organism and
the absence of detection of any nucleic acid sequence unique
to a MAP organism is indicative of the absence of a MAP
organism in the sample.

In some embodiments, methods of detection of MAP com-
prise detection of one or more target nucleic acid sequences
that are unique to MAP including portions and/or fragments
and/or complements thereof and/or sequences having at least
about 90% identity to, and/or sequences having at least about
80% identity thereto.

Accordingly, a method of the disclosure, in some embodi-
ments, can comprise detecting, in a sample, at least one (or
more) nucleic acid sequence(s) having at least 10to atleast 25
contiguous nucleic acids of one (or more) MAP specific
nucleic acid targets and/or complementary sequences
thereof, wherein detection of at least one nucleic acid
sequence indicates the presence of an MAP organism in the
sample. Non-limiting examples of MAP specific nucleic
acids that can be detected include SEQ ID. NO: 1, SEQ ID.
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4 and/or SEQ ID NO: 5,
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fragments thereof, complementary sequences thereof as well
as sequences having from about 80% to about 99% sequence
identity to one of these sequences (see also Table 6). Methods
of detection can also comprise identification steps and can
further comprise steps of sample preparation. Such embodi-
ments are described in detail in sections below.

One embodiment method for detection of a MAP organism
from a sample comprises: detecting the presence of an MAP-
specific target nucleic acid and/or a fragment or a comple-
ment thereof comprising: amplifying an MAP-specific
nucleic acid and/or a fragment and/or a complement thereof
by contacting nucleic acids present in the sample with at least
one primer set, having one forward primer and one reverse
primer that can hybridize to and amplify the MAP-specific
nucleic acid and/or a fragment and/or a complement thereof,
under conditions suitable for amplification, and detecting an
amplified nucleic acid, wherein detecting an amplified
nucleic acid amplified by the primers confirms the presence
ofa MAP organism in a sample. In some embodiments, more
than one primers can be used to amplify one or more ampli-
fication products.

Non-limiting exemplary primer pairs comprise a primer
pair such as SEQ ID NO: 6 and SEQ ID NO: 7; or SEQ ID
NO: 9 and SEQ ID NO: 10; or SEQ ID NO: 12 and SEQ ID
NO: 13; or SEQ ID NO: 15 and SEQ ID NO: 16; or SEQ ID
NO: 18 and SEQ ID NO: 19; or SEQ ID NO: 21 and SEQ ID
NO: 22; or SEQ ID NO: 24 and SEQ ID NO: 25; or SEQ ID
NO: 27 and SEQ ID NO: 28; or SEQ ID NO: 30 and SEQ ID
NO: 31; or SEQ ID NO: 33 and SEQ ID NO: 34; or SEQ ID
NO: 36 and SEQ ID NO: 37; or SEQ ID NO: 39 and SEQ ID
NO: 40; or SEQ ID NO: 42 and SEQ ID NO: 43; or SEQ ID
NO: 45 and SEQ ID NO: 46; or SEQ ID NO: 48 and SEQ ID
NO: 49; complements thereof and sequences having about
90% identity to the foregoing sequences, wherein one of the
two primers of each primer set is a forward primer and the
other is a reverse primer.

Accordingly, an example embodiment method for detec-
tion of a MAP organism from a sample comprises: detecting
the presence of a MAP-specific nucleic acid and/or a frag-
ment and/or a complement thereof comprising: amplifying an
MAP-specific nucleic acid and/or a fragment and/or a
complement thereof contacting nucleic acids present in the
sample with at least one primer set, each primer set having
one forward primer and one reverse primer, comprising the at
least one primer set selected from: SEQ ID NO: 6 and SEQ ID
NO: 7;0r SEQIDNO: 9 and SEQID NO: 10; or SEQ ID NO:
12 and SEQ ID NO: 13; or SEQ ID NO: 15 and SEQ ID NO:
16; or SEQ ID NO: 18 and SEQ ID NO: 19; or SEQ ID NO:
21 and SEQ ID NO: 22; or SEQ ID NO: 24 and SEQ ID NO:
25; or SEQ ID NO: 27 and SEQ ID NO: 28; or SEQ ID NO:
30and SEQ ID NO: 31; or SEQ ID NO: 33 and SEQ ID NO:
34; or SEQ ID NO: 36 and SEQ ID NO: 37; or SEQ ID NO:
39 and SEQ ID NO: 40; or SEQ ID NO: 42 and SEQ ID NO:
43; or SEQ ID NO: 45 and SEQ ID NO: 46; or SEQ ID NO:
48 and SEQ ID NO: 49, wherein the contacting is performed
under conditions suitable for an nucleic acid amplification
reaction; and detecting an amplified nucleic acid, wherein
detecting an amplified nucleic acid using the primers con-
firms the presence of a MAP organism in a sample.

In one embodiment a method for detection of a MAP
organism from a sample comprises: detecting the presence of
one or more MAP specific nucleic acids and/or a fragment or
a complement thereof comprising: contacting nucleic acids
present in a sample with a multiplex of primer sets each
primer set having one forward primer and one reverse primer,
comprising a first primer set, a second primer set, and option-
ally a third (a fourth etc.) primer sets, under conditions opti-
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mal for an amplification reaction to obtain one or more ampli-
fied nucleic acids; and detecting the one or more amplified
nucleic acids, wherein detecting an amplified nucleic acid
using the primers confirms the presence of a MAP organism
in the sample.

Some embodiments describe a method for detection of a
MAP organism from a sample comprising: detecting the pres-
ence of one or more MAP-specific nucleic acids including
detecting a first MAP specific nucleic acid and/or a fragment
or a complement thereof comprising: a) amplifying from a
sample a first MAP specific nucleic acid and/or a fragment or
a complement thereof by contacting nucleic acids present in
the sample with at least a first primer set, having one forward
primer and one reverse primer, the first primer set designed to
amplify the first MAP specific nucleic acid and/or a fragment
or a complement thereof; and b) amplifying simultaneously
from the same sample a second MAP specific nucleic acid
and/or a fragment or acomplement thereof by simultaneously
contacting nucleic acids present in the sample with at least a
second primer set, having one forward primer and one reverse
primer, the second primer set designed to amplify the second
MAP specific nucleic acid and/or a fragment or a complement
thereof, wherein the contacting in steps a) and b) is performed
under conditions suitable for a nucleic acid amplification
reaction; and detecting at least one amplified nucleic acid
amplified by either the amplification reactions of steps a)
and/or b), wherein detection of at least one amplified nucleic
acid indicates the presence of a MAP organism in the sample.
In some embodiments a first and a second amplification prod-
uct can be detected to indicate the presence of a MAP organ-
ism in the sample. Furthermore, the process can be optionally
repeated to detect a third, a fourth and additional MAP spe-
cific nucleic acid molecules.

In other embodiments, not detecting any amplified product
using one or more methods described above can be used to
exclude the presence of a MAP organism in a sample.

Amplification reactions can comprise a PCR amplification,
an end-point determination, a quantitative amplification, a
real-time PCR such as a SYBR® Green Assay or a TagMan®
As say.

Detection can be performed by a variety of methods, such
as but not limited to, a nucleic acid amplification reaction
such as described in the paragraph above. Detection in some
embodiments can be performed by hybridization using
probes specific to amplified nucleic acid sequences encoding
a MAP specific target nucleic acid sequence. Combinations
of amplification and hybridization can be used for detection
according to some embodiments. Example probe sequences
of'the disclosure that can be used for detecting in a method of
the present disclosure are SEQ ID NO: 8, SEQ ID NO: 11,
SEQ ID NO: 14, SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID
NO: 23, SEQ ID NO: 26, SEQ ID NO: 29, SEQ ID NO: 32,
SEQ ID NO: 35, SEQ ID NO: 38, SEQ ID NO: 41, SEQ ID
NO: 44, SEQ ID NO: 47, and SEQ ID NO: 50, complements
thereof and sequences having about 90% identity to the fore-
going sequences.

In some embodiments, probes can be used to detect and/or
to identify a nucleic acid sequence amplified described in the
methods above. For example, a probe comprising SEQ 1D
NO:8 can be used to detect an amplified nucleic acid ampli-
fied by using primer set having SEQ ID NO: 6 and SEQ ID
NO 7; aprobe having SEQ ID NO:11 can be used to detect an
amplified nucleic acid amplified by using primer set having
SEQID NO: 8 and SEQ ID NO 9; a probe having SEQ ID NO
14 can be used to detect an amplified nucleic acid amplified
by using primer set having SEQ ID NO: 12 and SEQ ID NO:
13; a probe comprising SEQ ID NO:17 can be used to detect
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an amplified nucleic acid amplified by using primer set hav-
ing SEQ ID NO: 15 and SEQ ID NO 16; a probe having SEQ
ID NO:20 can be used to detect an amplified nucleic acid
amplified by using primer set having SEQ ID NO: 18 and
SEQ ID NO 19; aprobe having SEQ ID NO 23 can be used to
detect an amplified nucleic acid amplified by using primer set
having SEQ ID NO: 21 and SEQ ID NO:22; a probe com-
prising SEQ ID NO:26 can be used to detect an amplified
nucleic acid amplified by using primer set having SEQ ID
NO: 24 and SEQ ID NO 25; a probe having SEQ ID NO:29
can be used to detect an amplified nucleic acid amplified by
using primer set having SEQ ID NO: 27 and SEQ ID NO 28;
a probe having SEQ ID NO 32 can be used to detect an
amplified nucleic acid amplified by using primer set having
SEQID NO:30and SEQIDNO:31; a probe comprising SEQ
ID NO:35 can be used to detect an amplified nucleic acid
amplified by using primer set having SEQ ID NO: 33 and
SEQ ID NO 34; a probe having SEQ ID NO:38 can be used to
detect an amplified nucleic acid amplified by using primer set
having SEQ ID NO: 36 and SEQ ID NO 37; a probe having
SEQID NO 41 can be used to detect an amplified nucleic acid
amplified by using primer set having SEQ ID NO: 39 and
SEQ ID NO:40; a probe comprising SEQ ID NO:44 can be
used to detect an amplified nucleic acid amplified by using
primer set having SEQID NO: 42 and SEQ ID NO 43; a probe
having SEQ ID NO:47 can be used to detect an amplified
nucleic acid amplified by using primer set having SEQ ID
NO: 45 and SEQ ID NO 46; and a probe having SEQ ID NO
50 can be used to detect an amplified nucleic acid amplified
by using primer set having SEQ ID NO: 48 and SEQ ID
NO:49.

In one embodiment, disclosed is an assay for the detection
of'a MAP organism in a sample comprising a) hybridizing a
first pair (or set) of PCR primers selected from a row in the
Table 3 described as forward primers and reverse primers
(selected from primer sets described in the paragraph above),
and complements thereof to at least a first MAP target poly-
nucleotide sequence and/or fragment thereof; b) amplifying
the at least first target MAP polynucleotide sequences; and ¢)
detecting the at least first and the at least second amplified
target polynucleotide sequence products; wherein the detec-
tion of the at least first amplified target polynucleotide
sequence product and the detection of the at least second
amplified target polynucleotide sequence product is indica-
tive of the presence of a MAP organism in the sample. The
method can also comprise hybridizing a second pair of PCR
primers selected from another row in Table 3 described as
forward primers and reverse primers, and complements
thereof to at least a second target MAP polynucleotide
sequence and/or fragment thereof.

In further embodiments, the detection can comprise using
hybridization with one or more probes. Probes that can be
used are described in Table 3 where different probes specific
to different amplified MAP target sequences. Primer-probe
combinations are outlined in the Table 3 and also set forth in
the sections above (for example, amplification product ampli-
fied using primers SEQ ID NO:6 and SEQ ID NO:7 can be
detected using probe SEQ ID NO:8).

In some embodiments, hybridization can comprise at least
a first probe and a second probe, the first probe further com-
prising a first label and the second probe further comprising a
second label, wherein both labels are selected from a dye, a
radioactive isotope, a chemiluminescent label, and an
enzyme, the dye comprises a fluorescein dye, a rhodamine
dye, or a cyanine dye, the dye is a fluorescein dye and first
probe is labeled with FAM™ dye and the second probe is
labeled with VIC® dye.
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In some embodiments, any detection method described
above can further comprise preparing a sample for PCR
amplification (prior to hybridizing), for example, but not lim-
ited to (1) bacterial enrichment, and/or (2) separation of bac-
terial cells from the sample, and/or (3) cell lysis, and/or (4)
nucleic acid extraction. In some embodiments, a detection
method can comprise DNA isolation from a sample.

Samples may include without limitation, veterinary
samples, animal-derived samples, clinical samples, food/bev-
erage samples, water samples, and environmental sample.
Veterinary samples may be derived from animals such as but
not limited to all ruminants, cattle, sheep, bison, deer, rabbits,
foxes and birds including poultry birds, other domesticated
and wild birds.

Methods can include multiplex assays such as polymerase
chain reactions, wherein hybridizing and amplifying of the
first pair of polynucleotide primers occurs in a first vessel and
the hybridizing and amplifying of the second pair of poly-
nucleotide primers occurs in a second vessel, or hybridizing
and amplifying of the first pair of polynucleotide primers and
the hybridizing and amplifying of the second pair of poly-
nucleotide primers occurs in a single vessel, the detection is a
real-time assay, the real-time assay is a SYBR® Green dye
assay or a TagMan® assay. Methods can also comprise using
additional primers such as a third primer pair and a fourth
primer pair and so on.

A method of'the disclosure can further comprise providing
afirst probe and a second probe (and additional probes such as
a third probe and a fourth probe and so on), wherein the first
and second probes are different from each other, the first
probe operable to identify the first amplified target polynucle-
otide sequence and the second probe operable to identify the
second amplified target nucleotide sequence, the first probe
further comprises a first label and the second probe further
comprises a second label, wherein both labels are selected
from a dye, a radioactive isotope, a chemiluminescent label,
and an enzyme, the dye comprises a fluorescein dye, a
rhodamine dye, or a cyanine dye, the dye is a fluorescein dye
and first probe is labeled with FAM™ dye and the second
probe is labeled with VIC® dye; and hybridizing the first and
second probes to the PCR amplified fragments to detect the
presence of the first amplified target polynucleotide sequence
and the second amplified target polynucleotide sequence
from the sample.

Some embodiments describe kits suitable for identifying
the presence of a MAP organism. Such a kit can comprise at
least one set of oligonucleotide primers for use in a PCR
process for the detection of a MAP target nucleic acid
sequence.

A first probe can further comprise a first label and a second
probe further comprise a second label, both labels are selected
from a dye, a radioactive isotope, a chemiluminescent label,
and an enzyme, the dye comprises a fluorescein dye, a
rhodamine dye, or a cyanine dye, and the first probe is labeled
with FAM™ dye and the second probe is labeled with VIC®
dye. Kits can without limitation contain other buffers,
molecular bio reagents, and one or more container means for
kit components.

In the following description, certain aspects and embodi-
ments will become evident. It should be understood that a
given embodiment need not have all aspects and features
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described herein. It should be understood that these aspects
and embodiments are merely exemplary and explanatory and
are not restrictive of the invention. It is to be understood that
both the foregoing general description and the following
detailed description are exemplary and explanatory only and
are not restrictive of the invention, as claimed.

DETAILED DESCRIPTION

The present disclosure, in some embodiments, describes
compositions, kits and methods for detection of MAP. Some
embodiments describe specific detection of MAP from a
sample even when non-MAP Mycobacterium avium organ-
isms are present in the sample.

MAP is a bacterium that infects livestock and several herd
animals and causes Johne’s Disease which is characterized by
chronic granulomatous enteritis of the small intestine. In
livestock especially diary animals such as cows, sheep and
bison, Johne’s disease results in decreased milk production,
fetal loss, diarrhea and early death resulting in substantial
economic loss to the livestock industry. Existing assays that
are used to detect the presence of MAP in samples obtained
from animals and to diagnose Johne’s disease are based on the
detection of insertion sequences present in MAP. MAP is also
believed to be linked to human Crohn’s disease.

Mycobacterium avium complex (MAC) consists of mul-
tiple Mycobacterium avium subspecies that can be found as
environmental contaminants in soil and water (Covert et al.,
1999; Falkinham et al., 2001; Le Dantec et al., 2002; Santos
etal., 2005; Hilborn et al., 2008), as well as infectious agents
for animals such as pigs, cattle, sheep and birds (C. Cayrou et
al 2010). Organisms classified in the MAC complex include
Mycobacterium subsp. avium, Mycobacterium avium subsp
paratuberculosis, Mycobacterium avium subsp silvaticum,
and Mycobacterium subsp hominissuis. Symptoms of infec-
tion vary by host species and MAC organism. Common meth-
ods used for identifying MAC subspecies include DNA
sequencing, particularly of the 16S and rpoB genes, and
RFLP (restriction fragment length polymorphism) analysis
(C. Cayrou et al 2010).

In some cases, certain nucleic acid insertion sequences
have been associated with some Mycobacterium subspecies
and this has been used to detect these organisms. For example,
insertion sequences known as ISMAPO2 and IS900 are
detected in existing PCR-based M AP detection assays which
rely on detecting or determining the presence of the
ISMAPO2 or IS900 target nucleic acid sequences in a sample.

Next-generation sequencing, using an lon Torrent Personal
Genome Machine (PGM) was performed herein to get com-
plete genome sequences for 16 Mycobacterium avium sub-
species. Sequences were obtained for one M. avium subsp.
silvaticum sample; four M. avium subsp. avium samples; two
M. avium subsp. hominissuis samples; three M. avium
samples with an unknown subtype; and six M. avium subsp.
paratuberculosis samples. The sequenced genomes were
analyzed to look for the presence of all previously known
insertion sequences as well as for new highly specific single-
gene targets. A partial ISMAPO2 sequence was found in all
organisms indicating that ISMAPO2 is not an optimal
sequence to use for a MAP-specific assay. Results were also
confirmed with qPCR testing using the TagMan® MAP
reagents. Results of this analysis are presented in Table 1.
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TABLE 1
Sample 1:100X Sample Dilution
Number Pathogen Host MAPCT 1 MAPCT 2 ISMAPO2 Sequencing Results
ATCC 49884 M. silvaticum Wood pigeon Undetermined Undetermined parital ISMAPO2 sequence
(position 1-240)
10-5581 M. avium subsp. avium  Asian Elephant 16.94 16.96 ISMAPO?2 positive, full sequence
10-9275 M. avium subsp. avium Red Tailed Hawk Undetermined Undetermined parital ISMAPO2 sequence
(position 1-240)
11-4751 M. avium subsp. avium Ruddy Duck Undetermined Undetermined parital ISMAPO2 sequence
(position 1-240 and 360-519)
05-4293 M. avium Avian broadbill from Undetermined 3745 parital ISMAPO2 sequence
Dallas Zoo (position 1-240)
10-4249 M. avium subsp. White lipped deer 14.78 14.76 ISMAPO?2 positive, full sequence
hominissuis
10-5606 M. avium subsp. Pig 30.24 30.95 parital ISMAPO2 sequence
hominissuis (position 1-240 and 360-519)
10-5560 Unknown MAC subtype Pig 15.49 15.48 ISMAPO?2 positive, full sequence
09-5983 Unknown MAC subtype Dog 16.43 16.43 ISMAPO?2 positive, full sequence
11-0986 Unknown MAC subtype  deer 16.22 16.23 ISMAPO?2 positive, full sequence
10-4404 M. avium subsp. bison 14.38 14.40 ISMAPO?2 positive, full sequence
paratuberculosis
10-5975 M. avium subsp. bison 14.74 14.79 ISMAPO?2 positive, full sequence
paratuberculosis
10-5864 M. avium subsp. cattle 14.44 14.45 ISMAPO?2 positive, full sequence
paratuberculosis
10-8425 M. avium subsp. cattle 14.74 14.70 ISMAPO?2 positive, full sequence
paratuberculosis
08-8281 M. avium subsp. sheep 14.82 14.82 ISMAPO?2 positive, full sequence
paratuberculosis
11-1786 M. avium subsp. sheep 14.76 14.75 ISMAPO?2 positive, full sequence
paratuberculosis
30

Other insertion sequences, including IS901 were also found
to be non-specific for MAP. The IS901 sequence was present
in the M. avium subsp. silvaticum sequence, and two of the M.
avium subsp. avium sequences (isolates 11-4751 and
10-9275).

In one embodiment of the current teachings, bioinformatic
and direct DNA sequencing comparisons of several Myco-
bacterium avium species were conducted to identify MAP-
specific target nucleic acids sequences. Alignment of these
sequences using custom algorithms identified several MAP-
specific target regions to which primer pairs of the disclosure
were designed for each identified MAP-specific target region
to specifically amplify only the unique MAP-specific target
sequences against both inclusion (organism to be detected,
i.e., MAP organisms) and exclusion genomes (organisms not
to be detected, non-MAP organisms).

Exemplary embodiments of nucleic acid target sequence
unique to MAP identified herein include nucleic acids having
SEQID.NO: 1, SEQID.NO: 2, SEQIDNO: 3, SEQ ID NO:
4 and/or SEQ ID NO: 5, fragments thereof, complementary
sequences thereof as well as sequences having from about
80% to about 99% sequence identity to one of these
sequences.

Genome coordinates for SEQ ID. NO: 1, SEQ ID. NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4 and/or SEQ ID NO:5, are
described in Table 2 below in relation to the MAP genome
described in GenBank accession number NC__002944. For
example, nucleic acid target sequence unique to MAP com-
prising the sequence of SEQ ID. NO: 1 correspondstoa 1,863
bp nucleic acid sequence starting from position 238,936 and
continuing through position 240,798 of the MAP genome
described as NC__002944. SEQ ID. NOs: 1-5 are described
here and in the Sequence Listing below.

GenBank accession number NC__ 002944 can be found at
http://www.ncbi.nlm.nih.gov/nuccore/nc_ 002944 refer-
enced as “Mycobacterium avium subsp. paratuberculosis
K-10, complete genome” 16 Sep. 2011, (1. Li, L., B annan-
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tine, J. P., Zhang, Q., Amonsin, A., May, B. I., Alt, D., Banerji,
N., Kanjilal, S. and Kapur, V. “The complete genome
sequence of Mycobacterium avium subspecies paratubercu-
losis,” Proc. Natl. Acad. Sci. U.S.A., 102 (35), 12344-12349
(2005); 2. CONSRTM NCBI Genome Project Direct Submis-
sion, Submitted (11 Sep. 2004) National Center for Biotech-
nology Information, NIH, Bethesda, Md. 20894, USA; 3. Li,
L., Bannantine, J., Zhang, Q., Amonsin, A., Alt, D. and Kapur,
V., Direct Submission, Submitted (5 Sep. 2003) Biomedical
Genomics Center, University of Minnesota, 1971 Common-
wealth Ave., St. Paul, Minn. 55108, USA).

TABLE 2

MAP genome coordinates (NC__002944)
Assay ID Signature Signature
Number left Signature right length SEQ ID. NO:
61801, 238936 240798 1863 SEQ ID. NO: 1
61802,
61803,
61805
61808 3088062 3089612 1551 SEQ ID. NO: 2
61813, 4168103 4169949 1847 SEQ ID. NO: 3
61815,
61816,
61817
61819, 4169965 4174680 4716 SEQ ID. NO: 4
61822
61823, 4194685 4197076 2392 SEQ ID. NO: 5
61825,
61826,
61829

In some embodiments, compositions of the disclosure
comprise isolated nucleic acids having SEQ ID. NO: 1, SEQ
ID.NO: 2, SEQ ID NO: 3, SEQ IDNO: 4 and/or SEQ ID NO:
5, fragments thereof, complementary sequences thereof as
well as sequences having from about 80% to about 99%
sequence identity to one of these sequences. Sequences hav-
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ing 80%-99% sequence identity include isolated nucleic acid
sequences that have 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% and 99% sequence identity to any one
of SEQ ID. NO: 1, SEQ ID. NO: 2, SEQ ID NO: 3, SEQ ID
NO: 4 and/or SEQ ID NO: 5 and/or fragments thereof and/or
complementary sequences thereof and include all values in-
between 80% and 99% not explicitly disclosed. Fragments
include oligonucleotides or polynucleotides having at least
10 contiguous nucleotide sequences, or at least 20 contiguous
nucleotide sequences, or at least 25 contiguous nucleotide
sequences, or at least 30 contiguous nucleotide sequences in
any part of SEQ ID. NO: 1, SEQ ID. NO: 2, SEQ ID NO: 3,
SEQID NO: 4 and/or SEQ ID NO: 5 and/or fragments thereof
and/or complementary sequences thereof and sequences hav-
ing at least 90% identity to the foregoing sequences.

Compositions of the disclosure comprise probe and/or
primer sequences that are specific to hybridize to (and
amplify in the case of primers or detect in the case of probes)
one or more target nucleic acid sequences that are unique to a
MAP organism. A target nucleic acid sequence unique to a
MAP organism may include a gene, a non-coding region, an
allele or a complement thereof that is present in a MAP
organism but absent from a non-MAP organism. In some
embodiments, a target nucleic acid sequence unique to a
MAP organism is absent from other Mycobacterium avium
subspecies which are otherwise very similar or closely
related. Target nucleic acid sequences as described in this
disclosure can comprise portions and/or fragments and/or
complements thereof and/or sequences having at least about
90% identity to, and/or sequences having at least about 80%
identity thereto and/or from about 70% to about 90% identity
to a target nucleic acid sequence unique to a MAP organism
and can include a gene, a non-coding region, an allele or a
complement thereof that is present in a MAP organism but
absent from a non-MAP organism. Some example probe and
primer sequences are described in Table 3 in sections ahead.

Several programs for designing primers such as Primer3
(Steve Rozen and Helen J. Skaletsky (2000) “Primer3” on the
World Wide Web for general users and for biologist program-
mers as published in: Krawetz S, Misener S (eds) Bioinfor-
matics Methods and Protocols: Methods in Molecular Biol-
ogy. Humana Press, Totowa, N.J., pp 365-386), Primer
Express® software (Applied Biosystems), and OLIGO 7
(Wojciech Rychlik (2007). “OLIGO 7 Primer Analysis Soft-
ware”. Methods Mol. Biol. 402: 35-60) and variations thereof
can be used for primer designing. Custom algorithms were
used in the present disclosure in conjunction with the new
uniquely identified targets to arrive at primer and probe com-
positions described herein. The presently designed PCR
primers and probes are useful in assays such as real-time PCR
assays to specifically and unambiguously detect MAP organ-
isms with great sensitivity.

In some embodiments, exemplary non-limiting composi-
tions comprising primer sequences of the present disclosure
comprise isolated nucleic acid sequences having the nucle-
otide sequence of SEQ ID NO: 6, SEQ IDNO: 7, SEQID NO:
9,SEQIDNO: 10, SEQIDNO: 12, SEQ ID NO: 13, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 30,
SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID
NO: 36, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID NO: 40,
SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID
NO: 46, SEQ ID NO: 48, SEQ ID NO: 49, complements
thereof and sequences having about 90% identity to the fore-
going sequences.
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In some embodiments, primer sets are described having at
least 1 or at least 2 primer sets, wherein each primer set has at
least a forward primer and at least a reverse primer, that are
operable to hybridize to target nucleic acid sequences that are
unique to MAP including portions and/or fragments and/or
complements thereof and/or sequences having at least about
90% identity to, and/or sequences having at least about 80%
identity thereto. In some embodiments, primer sets can be
nested primers. In some embodiments, primer sets or primers
can be degenerate primers. In some embodiments the present
disclosure describes designing multiplex primers that are
suitable for multiplex PCR assays.

Some embodiments describe oligonucleotide probe
sequences for use in detection of target nucleic acid
sequences and/or amplified target sequences that are unique
to MAP. Oligonucleotide probes of the present disclosure are
operable to hybridize to target nucleic acid sequences that are
unique to MAP including portions and/or fragments and/or
complements thereof and/or sequences having at least about
90% identity, and/or sequences having at least about 80%
identity thereto. Some exemplary non-limiting probe
sequences of the present disclosure comprise isolated nucleic
acid sequences having the nucleotide sequence, of SEQ ID
NO: 8, SEQ ID NO: 11, SEQ ID NO: 14, SEQ ID NO: 17,
SEQ ID NO: 20, SEQ ID NO: 23, SEQ ID NO: 26, SEQ ID
NO: 29, SEQ ID NO: 32, SEQ ID NO: 35, SEQ ID NO: 38,
SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID NO: 47, and SEQ
1D NO: 50, complements thereof and sequences having about
90% identity to the foregoing sequences.

Isolated nucleic acid sequence compositions of the disclo-
sure, including primers and probes according to the disclo-
sure, can further comprise one or more label, such as, but not
limited to, a dye, a radioactive isotope, a chemiluminescent
label, a fluorescent moiety, a bioluminescent label an enzyme,
and combinations thereof.

The specification also discloses methods for detection and/
or diagnosis of a MAP organism from a sample, wherein the
detection of at least one unique or target nucleic acid
sequence that is expressed in a MAP organism is indicative of
the presence of a MAP organism and the absence of detection
of any nucleic acid sequence unique to MAP organism is
indicative of the absence of a MAP organism in the sample.
Accordingly, some methods of the disclosure exclude the
presence of a MAP organism in a sample absent of detection
of'any nucleic acid sequence unique to MAP organism in the
sample. In some embodiments, methods of detecting and/or
diagnostically determining in a sample the presence of a
MAP microorganisms in the presence of other Mycobacte-
rium avium organisms of different subspecies and subtypes
are disclosed.

Diagnosis and diagnostic methods of the disclosure can
include detecting the presence of a MAP organism to diag-
nose a MAP organism induced disease or condition. Any
animal or human disease or condition caused by a MAP
organism is contemplated to be diagnosable by the detection
methods disclosed herein that can detect the presence of a
MAP organism as defined herein. Non limiting examples
include diagnosis of Johne’s disease and Crohn’s disease.

A method of detection and/or diagnosis of MAP comprises
detection of one or more target nucleic acid sequences that are
unique to MAP including portions and/or fragments and/or
complements thereof and/or sequences having at least about
90% identity to, and/or sequences having at least about 80%
identity thereto. Accordingly, a method of the disclosure, in
some embodiments, can comprise detecting, in a sample, at
least one (or more) nucleic acid sequence(s) having at least 10
to at least 25 nucleic acids of one (or more) MAP specific
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nucleic acid targets and/or complementary sequences
thereof, wherein detection of at least one nucleic acid
sequence indicates the presence of an MAP organism in the
sample. Non-limiting examples of MAP specific nucleic
acids that can be detected include SEQ ID. NO: 1, SEQ ID.
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4 and/or SEQ ID NO:5,
fragments thereof, complementary sequences thereof as well
as sequences having from about 80% to about 99% sequence
identity to one of these sequences.

Methods of detection and/or diagnosis of MAP in a sample
can also comprise identification steps and can further com-
prise steps of sample preparation. Preparing a sample for PCR
amplification (prior to hybridizing with primers), can, in
some embodiments, comprise one or more steps such as, but
not limited to (1) bacterial enrichment, and/or (2) separation
of bacterial cells from the sample (isolation of DNA from
sample), and/or (3) cell lysis, and/or (4) nucleic acid (NA)
extraction.

Detection of MAP organisms by the use of methods
described herein, in some embodiments, is by an amplifica-
tion reaction such as a polymerase chain reaction for rapid
detection. In general methods of the disclosure include com-
paring for presence of an MAP organism using suitable con-
trols, for example, typically, an internal positive control can
be used in a PCR reaction which will have a detectable signal/
positive result and a suitable negative control that will have no
detectable signal. Amplification reactions can comprise one
or more of the following: a PCR amplification, an end-point
determination, a quantitative amplification, a real-time PCR
such as a SYBR® Green Assay and/or a TagMan® Assay.

Methods can also comprise detecting at least one amplified
nucleic acid by hybridization, mass spectrometry, nanostring,
microfiuidics, chemiluminescence, enzyme technologies and
combinations thereof.

In one embodiment, a method for detection of a MAP
organism from a sample comprises: detecting the presence of
an MAP-specific target nucleic acid and/or a fragment or a
complement thereof comprising: amplifying an MAP-spe-
cific nucleic acid and/or a fragment and/or a complement
thereof by contacting nucleic acids present in the sample with
at least one primer set, having one forward primer and one
reverse primer that can hybridize to and amplify the MAP-
specific nucleic acid and/or a fragment and/or a complement
thereof, under conditions suitable for amplification, and
detecting an amplified nucleic acid, wherein detecting an
amplified nucleic acid amplified by the primers confirms the
presence of a MAP organism in a sample.

In some embodiments, more than one primers can be used
to amplify one or more amplification products. Non-limiting
exemplary primer pairs comprise a primer pair such as SEQ
ID NO: 6 and SEQ ID NO: 7; or SEQ ID NO: 9 and SEQ ID
NO: 10; or SEQ ID NO: 12 and SEQ ID NO: 13; or SEQ ID
NO: 15 and SEQ ID NO: 16; or SEQ ID NO: 18 and SEQ ID
NO: 19; or SEQ ID NO: 21 and SEQ ID NO: 22; or SEQ ID
NO: 24 and SEQ ID NO: 25; or SEQ ID NO: 27 and SEQ ID
NO: 28; or SEQ ID NO: 30 and SEQ ID NO: 31; or SEQ ID
NO: 33 and SEQ ID NO: 34; or SEQ ID NO: 36 and SEQ ID
NO: 37; or SEQ ID NO: 39 and SEQ ID NO: 40; or SEQ ID
NO: 42 and SEQ ID NO: 43; or SEQ ID NO: 45 and SEQ ID
NO: 46; or SEQ ID NO: 48 and SEQ ID NO: 49; comple-
ments thereof and sequences having about 90% identity to the
foregoing sequences, wherein one of the two primers of each
primer set is a forward primer and the other is a reverse
primer.

One example embodiment method for detection (and/or
diagnosis) of a MAP organism from a sample comprises:
detecting the presence of a MAP-specific nucleic acid and/or
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a fragment and/or a complement thereof comprising: ampli-
fying a MAP-specific nucleic acid and/or a fragment and/or a
complement thereof contacting nucleic acids present in the
sample with at least one primer set, each primer set having
one forward primer and one reverse primer, comprising the at
least one primer set selected from: SEQ ID NO: 6 and SEQ ID
NO: 7;0r SEQIDNO: 9 and SEQID NO: 10; or SEQ ID NO:
12 and SEQ ID NO: 13; or SEQ ID NO: 15 and SEQ ID NO:
16; or SEQ ID NO: 18 and SEQ ID NO: 19; or SEQ ID NO:
21 and SEQ ID NO: 22; or SEQ ID NO: 24 and SEQ ID NO:
25; or SEQ ID NO: 27 and SEQ ID NO: 28; or SEQ ID NO:
30and SEQ ID NO: 31; or SEQ ID NO: 33 and SEQ ID NO:
34; or SEQ ID NO: 36 and SEQ ID NO: 37; or SEQ ID NO:
39 and SEQ ID NO: 40; or SEQ ID NO: 42 and SEQ ID NO:
43; or SEQ ID NO: 45 and SEQ ID NO: 46; or SEQ ID NO:
48 and SEQ ID NO: 49, wherein the contacting is performed
under conditions suitable for an nucleic acid amplification
reaction; and detecting an amplified nucleic acid, wherein
detecting an amplified nucleic acid using the primers con-
firms the presence of a MAP organism in a sample.

In one embodiment method for detection of a MAP organ-
ism from a sample comprises: detecting the presence of one or
more MAP specific nucleic acids and/or a fragment or a
complement thereof comprising: contacting nucleic acids
present in a sample with a multiplex of primer sets each
primer set having one forward primer and one reverse primer,
comprising a first primer set, a second primer set, and option-
ally a third (a fourth etc.) primer sets, under conditions opti-
mal for an amplification reaction to obtain one or more ampli-
fied nucleic acids; and detecting the one or more amplified
nucleic acids, wherein detecting an amplified nucleic acid
using the primers confirms the presence of a MAP organism
in the sample.

Some embodiments describe a method for detection of a
MAP organism from a sample comprising: detecting the pres-
ence of one or more MAP-specific nucleic acids including
detecting a first MAP specific nucleic acid and/or a fragment
or a complement thereof comprising: a) amplifying from a
sample a first MAP specific nucleic acid and/or a fragment or
a complement thereof by contacting nucleic acids present in
the sample with at least a first primer set, having one forward
primer and one reverse primer, the first primer set designed to
amplify the first MAP specific nucleic acid and/or a fragment
or a complement thereof; and b) amplifying simultaneously
from the same sample a second MAP specific nucleic acid
and/or a fragment or a complement thereof by simultaneously
contacting nucleic acids present in the sample with at least a
second primer set, having one forward primer and one reverse
primer, the second primer set designed to amplify the second
MAP specific nucleic acid and/or a fragment or a complement
thereof, wherein the contacting in steps a) and b) is performed
under conditions suitable for a nucleic acid amplification
reaction; and ¢) detecting at least one amplified nucleic acid
amplified by either the amplification reactions of steps a)
and/or b), wherein detection of at least one amplified nucleic
acid indicates the presence of a MAP organism in the sample.
In some embodiments a first and a second amplification prod-
uct are detected to indicate the presence of a MAP organism
in the sample. Furthermore, the method can be optionally
repeated to detect a third, a fourth and additional MAP spe-
cific nucleic acid molecules.

In other embodiments, not detecting any amplified product
using one or more methods described above can be used to
exclude the presence of a MAP organism in a sample.

Methods of the disclosure can also use other detection
methods in addition to nucleic acid amplification reactions
described in the paragraphs above. Detection in some
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embodiments can be performed by hybridization using
probes specific to MAP specific target nucleic acid sequence.
Accordingly, probes specific to detect one or more target
MAP nucleic acids can be used in a sample, under conditions
to promote sequence specific hybridization, to detect pres-
ence of a MAP nucleic acid in the sample. In some embodi-
ments, hybridization comprises suing at least a first probe and
a second probe, the first probe further comprising a first label
and the second probe further comprising a second label,
wherein both labels are selected from a dye, a radioactive
isotope, a chemiluminescent label, and an enzyme, the dye
comprises a fluorescein dye, a rhodamine dye, or a cyanine
dye, the dye is a fluorescein dye and first probe is labeled with
FAM™ dye and the second probe is labeled with VIC® dye.

In some embodiments, combinations of amplification and
hybridization can be used for detection and amplified nucleic
acid sequences encoding a MAP specific target nucleic acid
sequence can be detected as MAP-specific amplification
products using MAP specific probes. Some non-limiting
example probe sequences of the disclosure that can be used
for detecting in a method of the present disclosure are
described in SEQIDNO: 8, SEQIDNO: 11, SEQIDNO: 14,
SEQ ID NO: 17, SEQ ID NO: 20, SEQ ID NO: 23, SEQ ID
NO: 26, SEQ ID NO: 29, SEQ ID NO: 32, SEQ ID NO: 35,
SEQ ID NO: 38, SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID
NO: 47, and SEQ ID NO: 50, complements thereof and
sequences having about 90% identity to the foregoing
sequences.

In one embodiment, a method for the detection of a MAP
organism in a sample comprises: a) hybridizing a first pair (or
set) of PCR primers selected from a row in the Table 3
described as forward primers and reverse primers (selected
from primer sets described in the paragraph above), and
complements thereof to at least a first MAP target polynucle-
otide sequence and/or fragment thereof; b) amplifying the at
least first target MAP polynucleotide sequences; and c)
detecting the at least first and the at least second amplified
target polynucleotide sequence products; wherein the detec-
tion of the at least first amplified target polynucleotide
sequence product and the detection of the at least second
amplified target polynucleotide sequence product is indica-
tive of the presence of a MAP organism in the sample. The
method can also comprise hybridizing a second pair of PCR
primers selected from another row in Table 3 described as
forward primers and reverse primers, and complements
thereof to at least a second target MAP polynucleotide
sequence and/or fragment thereof.

In further embodiments, the detection can comprise using
hybridization with one or more probes. Some example probes
are described in Table 3 where different probes specific to
different amplified MAP target sequences are described.
Primer-probe combinations are also outlined in the Table 3.
For example, in some non-limiting embodiments, a probe
comprising SEQ ID NO:8 can be used to detect an amplified
nucleic acid amplified by using primer set having SEQ ID
NO: 6 and SEQ ID NO 7; a probe having SEQ ID NO:11 can
be used to detect an amplified nucleic acid amplified by using
primer set having SEQ ID NO: 8 and SEQ ID NO 9; a probe
having SEQ ID NO 14 can be used to detect an amplified
nucleic acid amplified by using primer set having SEQ ID
NO: 12 and SEQ ID NO: 13; a probe comprising SEQ ID
NO:17 can be used to detect an amplified nucleic acid ampli-
fied by using primer set having SEQ ID NO: 15 and SEQ ID
NO 16; a probe having SEQ ID NO:20 can be used to detect
an amplified nucleic acid amplified by using primer set hav-
ing SEQ ID NO: 18 and SEQ ID NO 19; a probe having SEQ
ID NO 23 can be used to detect an amplified nucleic acid
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amplified by using primer set having SEQ ID NO: 21 and
SEQ ID NO:22; a probe comprising SEQ ID NO:26 can be
used to detect an amplified nucleic acid amplified by using
primer set having SEQID NO: 24 and SEQ ID NO 25; a probe
having SEQ ID NO:29 can be used to detect an amplified
nucleic acid amplified by using primer set having SEQ ID
NO: 27 and SEQ ID NO 28; a probe having SEQ ID NO 32
can be used to detect an amplified nucleic acid amplified by
using primer set having SEQ ID NO: 30 and SEQ ID NO:31;
a probe comprising SEQ ID NO:35 can be used to detect an
amplified nucleic acid amplified by using primer set having
SEQ ID NO: 33 and SEQ ID NO 34; a probe having SEQ 1D
NO:38 can be used to detect an amplified nucleic acid ampli-
fied by using primer set having SEQ ID NO: 36 and SEQ ID
NO 37; a probe having SEQ ID NO 41 can be used to detect
an amplified nucleic acid amplified by using primer set hav-
ing SEQ ID NO: 39 and SEQ ID NO:40; a probe comprising
SEQ ID NO:44 can be used to detect an amplified nucleic acid
amplified by using primer set having SEQ ID NO: 42 and
SEQID NO 43; a probe having SEQ ID NO:47 can be used to
detect an amplified nucleic acid amplified by using primer set
having SEQ ID NO: 45 and SEQ ID NO 46; and a probe
having SEQ ID NO 50 can be used to detect an amplified
nucleic acid amplified by using primer set having SEQ ID
NO: 48 and SEQ ID NO:49.

In some embodiments of the present methods, one assay
alone may not be definitive for detecting a MAP organism due
to genomic similarity between the genomic regions of other
non-MAP organisms. Yet, when two (or more) assays such as
but not limited to the assays shown in Table 3 are used either
in parallel or as a multiplex assay, e.g., in a real-time Tag-
Man® assay, for example, where each probe in each of the
two (or more) assays has a different label for distinguishing
results on a real-time PCR instrument, e.g., a 7500 Fast Real-
Time PCR System (Applied Biosystems), a positive result
from such an assay is indicative of the presence of a MAP
organism. Such dual or multiplex (more than 2 assay sets)
assay approach can be used to detect and distinguish MAP
organism. Some embodiments describe detecting at least two
(or more) of MAP-specific target nucleic acid target regions
as positive identification of a MAP organism.

Methods of the disclosure include multiplex assays such as
polymerase chain reactions, wherein hybridizing and ampli-
fying of the first pair of polynucleotide primers occurs in a
first vessel and the hybridizing and amplifying of the second
pair of polynucleotide primers occurs in a second vessel, or
hybridizing and amplifying of the first pair of polynucleotide
primers and the hybridizing and amplifying of the second pair
of'polynucleotide primers occurs in a single vessel, the detec-
tion is a real-time assay, the real-time assay is a SYBR®
Green dye assay ora TagMan® assay. Methods also comprise
using additional primers such as a third primer pair and a
fourth primer pair and so on.

A method of the disclosure can further comprise providing
afirst probe and a second probe (and additional probes such as
a third probe and a fourth probe and so on), wherein the first
and second probes are different from each other, the first
probe operable to identify the first amplified target polynucle-
otide sequence and the second probe operable to identify the
second amplified target nucleotide sequence, the first probe
further comprises a first label and the second probe further
comprises a second label, wherein both labels are selected
from a dye, a radioactive isotope, a chemiluminescent label,
and an enzyme, the dye comprises a fluorescein dye, a
rhodamine dye, or a cyanine dye, the dye is a fluorescein dye
and first probe is labeled with FAM™ dye and the second
probe is labeled with VIC® dye; and hybridizing the first and
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second probes to the PCR amplified fragments to detect the
presence of the first amplified target polynucleotide sequence
and the second amplified target polynucleotide sequence
from the sample.

Compositions and methods of the present disclosure are
ideally suited for the preparation of a kit suitable for identi-
fying the presence of a MAP organism, such as for example a
diagnostic kit. Such a kit can comprise at least one set of
oligonucleotide primers for use in a PCR process for the
amplification and detection of a MAP-specific target nucleic
acid sequence. Some kits of the disclosure comprise at least
two sets of oligonucleotide primers for simultaneous use in a
multiplex PCR process for the amplification and detection of
MAP-specific target nucleic acid sequences. Kits can addi-
tionally comprise one or more reagents such as but are not
limited to, buffers, nucleotide triphosphates, DNA poly-
merases, intercalating dye, primers, probes, salt, and instruc-
tions for the use of the kit.

In some embodiments, kit primers can be labeled. A kit
comprising multiple pairs of primers can have primer pairs
each labeled with different labels that may be detectable
separately. Probes comprised in kits of the disclosure can be
labeled. If a kit comprises multiple probes each probe can be
labeled with a different label to allow detection of different
target nucleic acids and/or amplification products that are the
targets of each different probe.

An examplekit for the detection and/or diagnosis ofa MAP
organism comprises: at least one pair of forward and reverse
PCR primers having primer pairs selected from primer pairs
describedin Table3 (i.e., at least one primer set selected from:
a first primer set having SEQ ID NO: 6 and SEQ ID NO 7;
and/or a second primer set having SEQ ID NO: 9 and SEQ ID
NO: 10; and/or a third primer set having SEQ ID NO: 12 and
SEQ ID NO:13; and/or a fourth primer set having SEQ 1D
NO: 15 and SEQ ID NO 16; and/or a fifth primer set having
SEQID NO: 18 and SEQ ID NO: 19; and/or a sixth primer set
having SEQ ID NO: 21 and SEQ ID NO: 22; and/or a seventh
primer set having SEQ ID NO: 24 and SEQ ID NO: 25; and/or
an eighth primer set having SEQ ID NO: 27 and SEQ ID NO:
28; and/or a ninth primer set having SEQ ID NO: 30 and SEQ
ID NO: 31; and/or a tenth primer set having SEQ ID NO: 33
and SEQ ID NO: 34; and/or a eleventh primer set having SEQ
ID NO: 36 and SEQ ID NO: 37; and/or a twelfth primer set
having SEQ ID NO: 39 and SEQ ID NO: 40; and/or a thir-
teenth primer set having SEQ ID NO: 42 and SEQ ID NO: 43;
and/or a fourteenth primer set having SEQ ID NO: 45 and
SEQ ID NO: 46; and/or a fifteenth primer set having SEQ ID
NO: 48 and SEQ ID NO: 49, or sequences comprising at least
90% nucleic acid sequence identity thereof, or labeled deriva-
tives thereof). In some embodiments, a kit can also have at
least one probe selected from probes described Table 3 (i.e.,
probe sequences of the disclosure having SEQ ID NO: 8, SEQ
IDNO: 11, SEQIDNO: 14, SEQIDNO: 17, SEQ ID NO: 20,
SEQ ID NO: 23, SEQ ID NO: 26, SEQ ID NO: 29, SEQ ID
NO: 32, SEQ ID NO: 35, SEQ ID NO: 38, SEQ ID NO: 41,
SEQ ID NO: 44, SEQ ID NO: 47, and SEQ ID NO: 50,
complements thereof and sequences having about 90% iden-
tity to the foregoing sequences, each probe corresponding to
the first primer set, second primer set, the third primer set, etc.
as described above, respectively, selected based on which
primer set is selected).

Another example and kit for the detection and/or diagnosis
of a MAP organism comprise: at least two pairs of forward
and reverse PCR primers (two primer pairs) selected from
primer pairs described in Table 3; and optionally at least two
probes selected from probes described Table 3.
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A kit of the disclosure can further comprise one or more
components such as but not limited to: at least one enzyme,
dNTPs, at least one buffer, at least one salt, at least one control
nucleic acid sample, loading solution for preparation of the
amplified material for electrophoresis, genomic DNA as a
template control, a size marker to insure that materials
migrate as anticipated in a separation medium, and an instruc-
tion protocol and manual to educate a user and limit error in
use. Components of kits can be individually and/or in various
combinations comprised in one or a plurality of suitable con-
tainer means.

It is within the scope of these teachings to provide test kits
for use in manual applications or test kits for use with auto-
mated sample preparation, reaction set-up, detectors or ana-
lyzers. In some embodiments, a kit amplification product may
be further analyzed by methods such as but not limited to
electrophoresis, hybridization, mass spectrometry, nanos-
tring, microfluidics, chemiluminescence and/or enzyme tech-
nologies.

For the purposes of interpreting of this specification, the
following definitions may apply and whenever appropriate,
terms used in the singular will also include the plural and vice
versa. In the event that any definition set forth below conflicts
with the usage of that word in any other document, including
any document incorporated herein by reference, the definition
set forth below shall always control for purposes of interpret-
ing this specification and its associated claims unless a con-
trary meaning is clearly intended (for example in the docu-
ment where the term is originally used). It is noted that, as
used in this specification and the appended claims, the singu-
lar forms “a,” “an,” and “the,” include plural referents unless
expressly and unequivocally limited to one referent. The use
of “or” means “and/or” unless stated otherwise. The use of
“comprise,”  “comprises,”  “comprising,”  “include,”
“includes,” and “including” are interchangeable and not
intended to be limiting. Furthermore, where the description of
one or more embodiments uses the term “comprising,” those
skilled in the art would understand that, in some specific
instances, the embodiment or embodiments can be alterna-
tively described using the language “consisting essentially
of” and/or “consisting of.”

As used herein, the phrase “nucleic acid,” “oligonucle-
otide”, and polynucleotide(s)” are interchangeable and not
intended to be limiting.

As used herein, the phrase “stringent hybridization condi-
tions” refers to hybridization conditions which can take place
under a number of pH, salt and temperature conditions. The
pH can vary from 6 to 9, preferably 6.8 to 8.5. The salt
concentration can vary from 0.15 M sodium to 0.9 M sodium,
and other cations can be used as long as the ionic strength is
equivalent to that specified for sodium. The temperature of
the hybridization reaction can vary from 30° C. to 80° C.,
preferably from 45° C. to 70° C. Additionally, other com-
pounds can be added to a hybridization reaction to promote
specific hybridization at lower temperatures, such as at or
approaching room temperature. Among the compounds con-
templated for lowering the temperature requirements is for-
mamide. Thus, a polynucleotide is typically “substantially
complementary” to a second polynucleotide if hybridization
occurs between the polynucleotide and the second polynucle-
otide. As used herein, “specific hybridization” refers to
hybridization between two polynucleotides under stringent
hybridization conditions.

As used herein, the term “polynucleotide” refers to a poly-
meric form of nucleotides of any length, either ribonucle-
otides, deoxynucleotides, or peptide nucleic acids (PNA), and
includes both double- and single-stranded RNA, DNA, and
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PNA. A polynucleotide may include nucleotide sequences
having different functions, including, for instance, coding
regions, and non-coding regions such as regulatory regions. A
polynucleotide can be obtained directly from a natural source,
or can be prepared with the aid of recombinant, enzymatic, or
chemical techniques. A polynucleotide can be linear or cir-
cular in topology. A polynucleotide can be, for example, a
portion of a vector, such as an expression or cloning vector, or
a fragment. An “oligonucleotide” refers to a polynucleotide
of the present invention, typically a primer and/or a probe.

As used herein a “target-specific polynucleotide™ refers to
a polynucleotide having a target-binding segment that is per-
fectly or substantially complementary to a target sequence,
such that the polynucleotide binds specifically to an intended
target without significant binding to non-target sequences
under sufficiently stringent hybridization conditions. The tar-
get-specific polynucleotide can be e.g., a primer or probe and
the subject of hybridization with its complementary target
sequence.

The term “target sequence”, “target signature sequence”
“target nucleic acid”, “target” or “target polynucleotide
sequence” refers to a nucleic acid present in a MAP organism
that is not present in other non-MAP organisms and is unique
to MAP. The target sequence can be a polynucleotide
sequence that is the subject of hybridization with a comple-
mentary polynucleotide, e.g. a primer or probe. The target
sequence can be composed of DNA, RNA, an analog thereof,
and including combinations thereof. The target sequence may
be known or not known, in terms of its actual sequence and its
amplification can be desired. The target sequence may or may
not be of biological significance. Typically, though not
always, it is the significance of the target sequence which is
being studied in a particular experiment. As non-limiting
examples, target sequences may include regions of genomic
DNA, regions of genomic DNA which are believed to contain
one or more polymorphic sites, DNA encoding or believed to
encode genes or portions of genes of known or unknown
function, DNA encoding or believed to encode proteins or
portions of proteins of known or unknown function, DNA
encoding or believed to encode regulatory regions such as
promoter sequences, splicing signals, polyadenylation sig-
nals, etc.

As used herein an “amplified target polynucleotide
sequence product” refers to the resulting amplicon from an
amplification reaction such as a polymerase chain reaction.
The resulting amplicon product arises from hybridization of
complementary primers to a target polynucleotide sequence
under suitable hybridization conditions and the repeating in a
cyclic manner the polymerase chain reaction as catalyzed by
DNA polymerase for DNA amplification or RNA polymerase
for RNA amplification.

As used herein, the “polymerase chain reaction” or PCR is
a an amplification of nucleic acid consisting of an initial
denaturation step which separates the strands of a double
stranded nucleic acid sample, followed by repetition of (i) an
annealing step, which allows amplification primers to anneal
specifically to positions flanking a target sequence; (ii) an
extension step which extends the primers in a 5'to 3' direction
thereby forming an amplicon polynucleotide complementary
to the target sequence, and (iii) a denaturation step which
causes the separation of the amplicon from the target
sequence (Mullis et al., eds, The Polymerase Chain Reaction,
BirkHauser, Boston, Mass. (1994). Each of the above steps
may be conducted at a different temperature, preferably using
an automated thermocycler (Applied Biosystems LLC, a
division of Life Technologies Corporation, Foster City,
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Calif.). If desired, RNA samples can be converted to DNA/
RNA heteroduplexes or to duplex cDNA by methods known
to one of skill in the art.

As used herein, “amplifying” and “amplification” refers to
a broad range of techniques for increasing polynucleotide
sequences, either linearly or exponentially. Exemplary ampli-
fication techniques include, but are not limited to, PCR or any
other method employing a primer extension step. Other non-
limiting examples of amplification include, but are not lim-
ited to, ligase detection reaction (LDR) and ligase chain reac-
tion (LCR). Amplification methods may comprise thermal-
cycling or may be performed isothermally. In various
embodiments, the term “amplification product” includes
products from any number of cycles of amplification reac-
tions.

In certain embodiments, amplification methods comprise
at least one cycle of amplification, for example, but not lim-
ited to, the sequential procedures of: hybridizing primers to
primer-specific portions of target sequence or amplification
products from any number of cycles of an amplification reac-
tion; synthesizing a strand of nucleotides in a template-de-
pendent manner using a polymerase; and denaturing the
newly-formed nucleic acid duplex to separate the strands. The
cycle may or may not be repeated.

Descriptions of certain amplification techniques can be
found, among other places, in H. Ehrlich et al., Science,
252:1643-50 (1991), M. Innis et al., PCR Protocols: A Guide
to Methods and Applications, Academic Press, New York,
N.Y. (1990), R. Favis et al., Nature Biotechnology 18:561-64
(2000), and H. F. Rabenau et al., Infection 28:97-102 (2000);
Sambrook and Russell, Molecular Cloning, Third Edition,
Cold Spring Harbor Press (2000) (hereinafter “Sambrook and
Russell”), Ausubel et al., Current Protocols in Molecular
Biology (1993) including supplements through September
2005, John Wiley & Sons (hereinafter “Ausubel et al.”).

The term “label” refers to any moiety which can be
attached to a molecule and: (i) provides a detectable signal;
(i) interacts with a second label to modify the detectable
signal provided by the second label, e.g. FRET; (iii) stabilizes
hybridization, i.e. duplex formation; or (iv) provides a capture
moiety, i.e. affinity, antibody/antigen, ionic complexation.
Labeling can be accomplished using any one of a large num-
ber of known techniques employing known labels, linkages,
linking groups, reagents, reaction conditions, and analysis
and purification methods. Labels include light-emitting com-
pounds which generate a detectable signal by fluorescence,
chemiluminescence, or bioluminescence (Kricka, L. in
Nonisotopic DNA Probe Techniques (1992), Academic
Press, San Diego, pp. 3-28). Another class of labels are
hybridization-stabilizing moieties which serve to enhance,
stabilize, or influence hybridization of duplexes, e.g. interca-
lators, minor-groove binders, and cross-linking functional
groups (Blackburn, G. and Gait, M. Eds. “DNA and RNA
structure” in Nucleic Acids in Chemistry and Biology,
2.sup.nd Edition, (1996) Oxford University Press, pp. 15-81).
Yet another class of labels effect the separation or immobili-
zation of a molecule by specific or non-specific capture, for
example biotin, digoxigenin, and other haptens (Andrus, A.
“Chemical methods for 5' non-isotopic labeling of PCR
probes and primers” (1995) in PCR 2: A Practical Approach,
Oxford University Press, Oxford, pp. 39-54).

The terms “annealing” and “hybridization” are used inter-
changeably and mean the base-pairing interaction of one
nucleic acid with another nucleic acid that results in forma-
tion of a duplex or other higher-ordered structure. The pri-
mary interaction is base specific, i.e. A/T and G/C, by Watson/
Crick and Hoogsteen-type hydrogen bonding.
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The term “end-point analysis” refers to a method where
data collection occurs only when a reaction is substantially
complete.

The term “real-time analysis” refers to periodic monitoring
during PCR. Certain systems such as the ABI 7700 Sequence
Detection System (Applied Biosystems, Foster City, Calif.)
conduct monitoring during each thermal cycle at a pre-deter-
mined or user-defined point. Real-time analysis of PCR with
FRET probes measures fluorescent dye signal changes from
cycle-to-cycle, preferably minus any internal control signals.

The term “quenching” refers to a decrease in fluorescence
of a first moiety (reporter dye) caused by a second moiety
(quencher) regardless of the mechanism.

A “primer,” as used herein, is an oligonucleotide that is
complementary to a portion of target polynucleotide and,
after hybridization to the target polynucleotide, may serve as
astarting-point for an amplification reaction and the synthesis
of an amplification product. Primers include, but are not
limited to, spanning primers. A “primer pair” refers to two
primers that can be used together for an amplification reac-
tion. A “PCR primer” refers to a primer in a set of at least two
primers that are capable of exponentially amplifying a target
nucleic acid sequence in the polymerase chain reaction.

The term “probe” comprises a polynucleotide that com-
prises a specific portion designed to hybridize in a sequence-
specific manner with a complementary region of a specific
nucleic acid sequence, e.g., a target nucleic acid sequence. In
certain embodiments, the specific portion of the probe may be
specific for a particular sequence, or alternatively, may be
degenerate, e.g., specific for a set of sequences. In certain
embodiments, the probe is labeled. The probe can be an
oligonucleotide that is complementary to at least a portion of
an amplification product formed using two primers.

The terms “complement” and “complementary” as used
herein, refer to the ability of two single stranded polynucle-
otides (for instance, a primer and a target polynucleotide) to
base pair with each other, where an adenine on one strand of
a polynucleotide will base pair to a thymine or uracil on a
strand of a second polynucleotide and a cytosine on one
strand of a polynucleotide will base pair to a guanine on a
strand of a second polynucleotide. Two polynucleotides are
complementary to each other when a nucleotide sequence in
one polynucleotide can base pair with a nucleotide sequence
in a second polynucleotide. For instance, 5'-ATGC and
5'-GCAT are complementary.

A “label” refers to a moiety attached (covalently or non-
covalently), or capable of being attached, to an oligonucle-
otide, which provides or is capable of providing information
about the oligonucleotide (e.g., descriptive or identifying
information about the oligonucleotide) or another polynucle-
otide with which the labeled oligonucleotide interacts (e.g.,
hybridizes). Labels can be used to provide a detectable (and
optionally quantifiable) signal. Labels can also be used to
attach an oligonucleotide to a surface.

A “fluorophore” is a moiety that can emit light of a par-
ticular wavelength following absorbance of light of shorter
wavelength. The wavelength of the light emitted by a particu-
lar fluorophore is characteristic of that fluorophore. Thus, a
particular fluorophore can be detected by detecting light of an
appropriate wavelength following excitation of the fluoro-
phore with light of shorter wavelength.

The term “quencher” as used herein refers to a moiety that
absorbs energy emitted from a fluorophore, or otherwise
interferes with the ability of the fluorescent dye to emit light.
A quencher can re-emit the energy absorbed from a fluoro-
phore in a signal characteristic for that quencher, and thus a
quencher can also act as a flourophore (a fluorescent
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quencher). This phenomenon is generally known as fluores-
cent resonance energy transfer (FRET). Alternatively, a
quencher can dissipate the energy absorbed from a fluoro-
phore as heat (a non-fluorescent quencher).

As used herein the term “sample” refers to a starting mate-
rial suspected of harboring a particular microorganism or
group of microorganisms. A “contaminated sample” refers to
a sample harboring a pathogenic microbe (such as MAP)
thereby comprising nucleic acid material from the pathogenic
microbe. Examples of samples include, but are not limited to,
veterinary samples (samples obtained from animals sus-
pected of harboring or being infected by a microorganism—
these may include any body fluid or tissue sample), food
samples (including but not limited to samples from food
intended for human or animal consumption such as processed
foods, raw food material, produce (e.g., fruit and vegetables),
legumes, meats (from livestock animals and/or game ani-
mals), fish, sea food, nuts, beverages, drinks, fermentation
broths, and/or a selectively enriched food matrix comprising
any of the above listed foods), water samples, environmental
samples (e.g., soil samples, dirt samples, garbage samples,
sewage samples, industrial effluent samples, air samples, or
water samples from a variety of water bodies such as lakes,
rivers, ponds etc., samples obtained from animal pens/barns/
farms), air samples (from the environment or from a room or
a building), forensic samples, agricultural samples, pharma-
ceutical samples, biopharmaceutical samples, samples from
food processing and manufacturing surfaces, and/or biologi-
cal samples. A “biological sample” refers to a sample
obtained from eukaryotic or prokaryotic sources. Examples
of eukaryotic sources include mammals, such as a human, a
ruminant a cow, a bison, a sheep, a horse, a pig, a chicken, a
turkey, alivestock animal, a fish, a crab, a crustacean, a rabbit,
a game animal, a murine animal such as rat or mouse, etc. A
biological sample may include tissue samples, cell samples,
blood, serum, plasma, pus, cerebrospinal fluid, bone marrow,
urine, feces, saliva, milk, mucus, or other materials from a
human or a livestock animal. A biological sample can be, for
instance, in the form of a single cell, plurality of cells, in the
form of a tissue, or in the form of a fluid.

A sample may be tested directly, or may be prepared or
processed in some manner prior to testing. For example, a
sample may be processed to enrich any contaminating
microbe and may be further processed to separate and/or lyse
microbial cells contained therein. Lysed microbial cells from
a sample may be additionally processed or prepares to sepa-
rate, isolate and/or extract genetic material from the microbe
for analysis to detect and/or identify the contaminating
microbe. Analysis of a sample may include one or more
molecular methods. For example, according to some exem-
plary embodiments of the present disclosure, a sample may be
subject to nucleic acid amplification (for example by PCR)
using appropriate oligonucleotide primers that are specific to
one or more microbe nucleic acid sequences that the sample
is suspected of being contaminated with. Amplification prod-
ucts may then be further subject to testing with specific probes
(or reporter probes) to allow detection of microbial nucleic
acid sequences that have been amplified from the sample. In
some embodiments, if a microbial nucleic acid sequence is
amplified from a sample, further analysis may be performed
on the amplification product to further identify, quantify and
analyze the detected microbe (determine parameters such as
but not limited to the microbial strain, pathogenecity, quantity
etc.).

As used herein “preparing” or “preparing a sample” or
“processing” or processing a sample” refers to one or more of
the following steps to achieve extraction and separation of a
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nucleic acid from a sample: (1) bacterial enrichment, (2)
separation of bacterial cells from the sample, (3) cell lysis,
and (4) nucleic acid extraction and/or purification (e.g., DNA
extraction, total DNA extraction, genomic DNA extraction,
RNA extraction). Embodiments of the nucleic acid extracted
include, but are not limited to, DNA, RNA, mRNA and
miRNA.

As used herein, “presence” refers to the existence (and
therefore to the detection) of a reaction, a product of a method
or a process (including but not limited to, an amplification
product resulting from an amplification reaction), or to the
“presence” and “detection” of an organism such as a patho-
genic organism or a particular strain or species of an organ-
ism.

As used herein, “detecting” or “detection” refers to the
disclosure or revelation of the presence or absence in a sample
of a target polynucleotide sequence or amplified target poly-
nucleotide sequence product. The detecting can be by end
point, real-time, enzymatic, and by resolving the amplifica-
tion product on a gel and determining whether the expected
amplification product is present, or other methods known to
one of skill in the art.

The presence or absence of an amplified product can be
determined or its amount measured. Detecting an amplified
product can be conducted by standard methods well known in
the art and used routinely. The detecting may occur, for
instance, after multiple amplification cycles have been run
(typically referred to an end-point analysis), or during each
amplification cycle (typically referred to as real-time).
Detecting an amplification product after multiple amplifica-
tion cycles have been run is easily accomplished by, for
instance, resolving the amplification product on a gel and
determining whether the expected amplification product is
present. In order to facilitate real-time detection or quantifi-
cation of the amplification products, one or more of the prim-
ers and/or probes used in the amplification reaction can be
labeled, and various formats are available for generating a
detectable signal that indicates an amplification product is
present. For example, a convenient label is typically a label
that is fluorescent, which may be used in various formats
including, but are not limited to, the use of donor fluorophore
labels, acceptor fluorophore labels, flourophores, quenchers,
and combinations thereof. Assays using these various formats
may include the use of one or more primers that are labeled
(for instance, scorpions primers, amplifluor primers), one or
more probes that are labeled (for instance, adjacent probes,
TagMan® probes, light-up probes, molecular beacons), or a
combination thereof. The skilled person will understand that
in addition to these known formats, new types of formats are
routinely disclosed. The present invention is not limited by
the type of method or the types of probes and/or primers used
to detect an amplified product. Using appropriate labels (for
example, different fluorophores) it is possible to combine
(multiplex) the results of several different primer pairs (and,
optionally, probes if they are present) in a single reaction. As
an alternative to detection using a labeled primer and/or
probe, an amplification product can be detected using a poly-
nucleotide binding dye such as a fluorescent DNA binding
dye. Examples include, for instance, SYBR® Green dye or
SYBR® Gold dye (Molecular Probes). Upon interaction with
the double-stranded amplification product, such polynucle-
otide binding dyes emit a fluorescence signal after excitation
with light at a suitable wavelength. A polynucleotide binding
dye such as a polynucleotide intercalating dye also can be
used.

10

15

20

25

30

35

40

45

50

55

60

65

24

As used herein a “MAP organism” or “MAP microorgan-
ism” refers to an organism of the subspecies Mycobacterium
avium subspecies paratuberculosis (MAP).

As used herein, a “non-MAP organism” is an organism of
the Mycobacterium avium Complex (MAC) with the excep-
tion of Mycobacterium avium subsp. paratuberculosis. Non-
MAP organisms include Mycobacterium avium subspecies
avium (MAA), Mycobacterium avium subsp. hominissuis
(MAH) and Mycobacterium avium subsp. silvaticum (MAS),
as well as MAC organisms of indeterminate subspecies.

As used herein, a “MAP-specific polynucleotide” refers to
anucleic acid sequence that is able to specifically hybridize to
a MAP specific target nucleic acid sequence and/or to a por-
tion and/or complement thereof, under suitable hybridization
conditions and which does not hybridize with other nucleic
acid sequences that do not encode for a MAP-specific nucleic
acid sequence, portions thereof or complements thereof. In
some embodiments, a “MAP-specific polynucleotide” of the
disclosure may be a probe or primer sequence specific to
MAP. Itis well within the ability of one skilled in the art, using
the present teachings, to determine suitable hybridization
conditions based on probe length, G+C content, and the
degree of stringency required for a particular application.

It is expected that minor sequence variations in MAP-
specific target nucleotide sequences associated with nucle-
otide additions, deletions and mutations, whether naturally
occurring or introduced in vitro, would not interfere with the
usefulness of primer and probe sequences disclosed herein in
the detection of MAP organisms, as would be understood by
one of skill in the art. Therefore, the scope of the present
invention as claimed is intended to encompass minor varia-
tions in the sequences of the MAP specific target nucleic acid
sequences described here and the MAP specific nucleotides,
such as, exemplary primer sets and probe sequences set forth
here, and all sequences disclosed also comprise sequences
having at least a 90% sequence homology to these sequences.

A probe may be RNA or DNA. Depending on the detection
means employed, the probe may be unlabeled, radiolabeled,
chemiluminescent labeled, enzyme labeled, or labeled with a
dye. The probe may be hybridized with a sample in solution or
immobilized on a solid support such as nitrocellulose, a
microarray or a nylon membrane, or the probe may be immo-
bilized on a solid support, such as a silicon chip or a microar-
ray.

Conditions that “allow” an event to occur or conditions that
are “suitable” for an event to occur, such as hybridization,
strand extension, and the like, or “suitable” conditions are
conditions that do not prevent such events from occurring.
Thus, these conditions permit, enhance, facilitate, and/or are
conducive to the event. Such conditions, known in the art and
described herein, may depend upon, for example, the nature
of the nucleotide sequence, temperature, and buffer condi-
tions. These conditions may also depend on what event is
desired, such as hybridization, cleavage, or strand extension.
An “isolated” polynucleotide refers to a polynucleotide that
has been removed from its natural environment. A “purified”
polynucleotide is one that is at least about 60% free, prefer-
ably at least about 75% free, and most preferably at least
about 90% free from other components with which they are
naturally associated.

The words “preferred” and “preferably” refer to embodi-
ments of the invention that may afford certain benefits, under
certain circumstances. However, other embodiments may
also be preferred, under the same or other circumstances.
Furthermore, the recitation of one or more preferred embodi-
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ments does not imply that other embodiments are not useful,
and is not intended to exclude other embodiments from the
scope of the invention.

The terms “comprises” and variations thereof do not have
a limiting meaning where these terms appear in the descrip-
tion and claims. Unless otherwise specified, “a,” “an,” “the,”
and “at least one” are used interchangeably and mean one or
more than one.

Also herein, the recitations of numerical ranges by end-
points include all numbers subsumed within that range (e.g.,
1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.). The term
“and/or” means one or all of the listed elements or a combi-
nation of any two or more of the listed elements.

There are many known methods of amplifying nucleic acid
sequences including e.g., PCR. See, e.g., PCR Technology:
Principles and Applications for DNA Amplification (ed. H. A.
Erlich, Freeman Press, NY, N.Y., 1992); PCR Protocols: A
Guide to Methods and Applications (eds. Innis, et al., Aca-
demic Press, San Diego, Calif., 1990); Mattila et al., Nucleic
Acids Res. 19, 4967 (1991); Eckert et al., PCR Methods and
Applications 1, 17 (1991); PCR (eds. McPherson et al., IR,
Press, Oxford); and U.S. Pat. Nos. 4,683,202, 4,683,195,
4,800,159 4,965,188 and 5,333,675 each of which is incor-
porated herein by reference in their entireties for all purposes.

Nucleic acid amplification techniques are traditionally
classified according to the temperature requirements of the
amplification process. Isothermal amplifications are con-
ducted at a constant temperature, in contrast to amplifications
that require cycling between high and low temperatures.
Examples of isothermal amplification techniques are: Strand
Displacement Amplification (SDA; Walker et al., 1992, Proc.
Natl. Acad. Sci. USA 89:392 396; Walker et al., 1992, Nuc.
Acids. Res. 20:1691 1696; and EP 0 497 272, all of which are
incorporated herein by reference), self-sustained sequence
replication (3SR; Guatelli et al., 1990, Proc. Natl. Acad. Sci.
USA 87:1874 1878), the Q.beta. replicase system (Lizardi et
al., 1988, BioTechnology 6:1197 1202), and the techniques
disclosed in WO 90/10064 and WO 91/03573.

Examples of techniques that require temperature cycling
are: polymerase chain reaction (PCR; Saiki et al., 1985, Sci-
ence 230:1350 1354), ligase chain reaction (LCR; Wu et al.,
1989, Genomics 4:560 569; Barringer et al., 1990, Gene
89:117 122; Barany, 1991, Proc. Natl. Acad. Sci. USA 88:189
193), transcription-based amplification (Kwoh et al., 1989,
Proc. Natl. Acad. Sci. USA 86:1173 1177) and restriction
amplification (U.S. Pat. No. 5,102,784).

Other exemplary techniques include Nucleic Acid
Sequence-Based Amplification (“NASBA”; see U.S. Pat. No.
5,130,238), Qp replicase system (see Lizardi et al., BioTech-
nology 6:1197 (1988)), and Rolling Circle Amplification (see
Lizardi et al., Nat Genet 19:225 232 (1998)). The amplifica-
tion primers of the present invention may be used to carry out,
for example, but not limited to, PCR, SDA or tSDA. Any of
the amplification techniques and methods disclosed herein
can be used to practice the claimed invention as would be
understood by one of ordinary skill in the art.

PCR is an extremely powerful technique for amplifying
specific polynucleotide sequences, including genomic DNA,
single-stranded cDNA, and mRNA among others. Various
methods of conducting PCR amplification and primer design
and construction for PCR amplification will be known to
those of skill in the art. Generally, in PCR a double-stranded
DNA to be amplified is denatured by heating the sample. New
DNA synthesis is then primed by hybridizing primers to the
target sequence in the presence of DNA polymerase and
excess ANTPs. In subsequent cycles, the primers hybridize to

30

40

45

55

26

the newly synthesized DNA to produce discreet products with
the primer sequences at either end. The products accumulate
exponentially with each successive round of amplification.

The DNA polymerase used in PCR is often a thermostable
polymerase. This allows the enzyme to continue functioning
after repeated cycles of heating necessary to denature the
double-stranded DNA. Polymerases that are useful for PCR
include, for example, Taq DNA polymerase, Tth DNA poly-
merase, Tl DNA polymerase, Tma DNA polymerase, Tli
DNA polymerase, and Pfu DNA polymerase. There are many
commercially available modified forms of these enzymes
including: AmpliTaq® and AmpliTaq Gold® both available
from Applied Biosystems. Many are available with or without
a3-to 5' proofreading exonuclease activity. See, for example,
Vent® and Vent®. (exo-) available from New England
Biolabs.

Other suitable amplification methods include the ligase
chain reaction (LCR) (e.g., Wuand Wallace, Genomics 4, 560
(1989) and Landegren et al., Science 241, 1077 (1988)),
transcription amplification (Kwoh et al., Proc. Natl. Acad.
Sci. USA 86, 1173 (1989)), and self-sustained sequence rep-
lication (Guatelli et al., Proc. Nat. Acad. Sci. USA, 87, 1874
(1990)) and nucleic acid based sequence amplification
(NABSA). (See, U.S. Pat. Nos. 5,409,818, 5,554517, and
6,063,603). The latter two amplification methods include iso-
thermal reactions based on isothermal transcription, which
produce both single-stranded RNA (ssRNA) and double-
stranded DNA (dsDNA) as the amplification products in a
ratio of about 30 or 100 to 1, respectively.

Those having ordinary skill in the art, in light of this speci-
fication, will understand that many modifications, alterna-
tives, and equivalents of the embodiments described above
are possible. All such modifications, alternatives, and equiva-
lents are intended to be encompassed herein.

EXAMPLES

The following procedures are representative examples of
embodiments according to the disclosure that may be
employed for the detection of a MAP organism. These
examples are not intended to be limiting to the scope of the
claims and/or the disclosure in any way.

Example 1
Compositions & Methods to Detect MAP Organisms

The present example describes exemplary assays designed
to detect MAP organism using probe and primer sequences
designed as described herein. The described assays can be
used in diagnostic methods and kits to detect a MAP organism
in a sample, such as for example a sample obtained from an
animal suspected of being infected with a MAP organism,
with no cross-reactivity to a non-MAP or other MAC organ-
ism.

A set of real-time qPCR primers and probes that can spe-
cifically amplify and detect the presence of Mycobacterium
avium subsp. paratuberculosis without cross-reactivity with
other subspecies in the Mycobacterium avium complex
including M. avium hominissuis, and M. avium avium are
described in Table 3 below.

Table 3 lists a set of TagMan® primer/probe sets, where
primer sequences comprise sets/pairs of primers, each primer
set including a forward and a reverse primer, and a corre-
sponding probe sequence, that have been shown to be specific
to the amplification of MAP with a CT cutoff<38.
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TABLE 3
Assay Coordinate on NC 002944 .2
ID No Forward Reverse Probe Left Right Locus Product
61801 CGGTGCGCGGTA CGACCTGGTCTGCG CCGCGAGGACCTG 239559 239635 MAP0225c¢  Hypothetical
GGA TCATC CTGACGC protein
SEQ ID NO: 6 SEQ ID NO: 7 SEQ ID NO: 8
61802 GCGATCCGGCGA GACGAGTTAGACGC ACGCCCTGCAGTT 239855 239922 MAP0225c Hypothetical
AACG ACAGATTCT AGCTCCCCG protein
SEQ ID NO: 9 SEQ ID NO: 10 SEQ ID NO: 11
61803 ATCGACCGGCTG GCGAGCAGCACGT TCGACGCGATGAC 240155 240255 MAP0226 Hypothetical
GTGTAC TGAAC CGCGCTCG protein
SEQ ID NO: 12 SEQ ID NO: 13 SEQ ID NO: 14
61805 CAGACACCTGCA AGCATGTCGGCGA CAAGCCCGACTAC 240712 240777 MAPO0226 Hypothetical
GAGCTACTAC CGTT GCCGCCCT protein
SEQ ID NO: 15 SEQ ID NO: 16 SEQ ID NO: 17
61808 TCGCGGTGCCG GTTTGGATGCCCG CCGCGCTCCCCGA 3088984 3089043 MAP2756c¢ Large
ATCAG TGACATTC AATGCTC hypothetical
SEQ ID NO: 18 SEQ ID NO: 19 SEQ ID NO: 20 protein
61813 CGGCGAACCCG CACAGGTGCTCCC CCGCGCCCAGCGT 4168688 4168782 MAP3740 Large
TGACA ATTGAGT GTAGGC hypothetical
SEQ ID NO: 21 SEQ ID NO: 22 SEQ ID NO: 23 protein
61815 GCGCAGCTTCAC GTGCGAAGGCTTC AACAGGCTGCCGC 4169324 4169424 MAP3740 Large
CATCGA GAAGAC CACGCT hypothetical
SEQ ID NO: 24 SEQ ID NO: 25 SEQ ID NO: 26 protein
61816 GCCACGACGGTG CCAGGGTGCTGGT CCGCGTTGCGGCC 4169626 4169706 MAP3740 Large
ACATCA GAACA AGCCCG hypothetical
SEQ ID NO: 27 SEQ ID NO: 28 SEQ ID NO: 29 protein
61817 GGAATCGATCTC CCACCGCCGGAGC CCGCGTGGCGCCG 4169849 4169946 MAP3740 Large
GGTGGCTTTT AR [67:9 hypothetical
SEQ ID NO: 30 SEQ ID NO: 31 SEQ ID NO: 32 protein
61819 GCCGCGACGGTA CCAGATCTCGGCAA ACGACGCCGGCAC 4170784 4170872 MAP3740 Large
GGT GCGT AGCC hypothetical
SEQ ID NO: 33 SEQ ID NO: 34 SEQ ID NO: 35 protein
61822 CGGACGGAGAGG GGGCTCCGGCACCA TTGCCGACCCGCA 4174593 4174666 MAP3742 Large
TGGAC SEQ ID NO: 37 GACCTG hypothetical
SEQ ID NO: 36 SEQ ID NO: 38 protein
61823 GGTAACCAGCAAC CCCGAGGTGAACCA TCGGTTGATGATTT 4194693 4194779 MAP3756c Hypothetical
CCGATCTG CTTTGA CACCCCAGGACGC protein
SEQ ID NO: 39 SEQ ID NO: 40 SEQ ID NO: 41
61825 GGCGTCCTCCGAA GCAACATTGGCGAT CAGCGGAGCATCAC 4195499 4195561 MAP3757c Hypothetical
cca CGACATC CGACCCCGG protein
SEQ ID NO: 42 SEQ ID NO: 43 SEQ ID NO: 44
61826 GGCTCGGGCCTGA GCGGCCTGAACTCC CCGCGTTCAGTGCC 4195904 4195980 MAP3757c Hypothetical
TAGC TATGATC GTGGCC protein
SEQ ID NO: 45 SEQ ID NO: 46 SEQ ID NO: 47
61829 GCAATACTCGTGA GTGGCGCGGGTGTT CCCTGGCGGGCATT 4196988 4197054 MAP3758c- Intergenic
ACCGTAAACTG G TCCTCTACG MAP3759c¢
SEQ ID NO: 48 SEQ ID NO: 49 SEQ ID NO: 50

*Assay ID describes an assay comprising using Forward Primers
some embodiments Probe described in the same row.

and Reverse Primers described in one row and in

An exemplary method of detecting the presence of a MAP
organism in a sample comprises: 1) isolating nucleic acid
from a sample suspected to contain MAP and 2) detecting the
presence of at least one MAP-specific target nucleic acid
and/or fragment thereof and/or complement thereof as shown
using an assay described in Table 3 above comprising using
for example a set of primers, comprising a forward and a
reverse primer described in a row to amplify the at least one
MAP-specific target nucleic acid and/or fragment and/or
complement thereof; and detecting the amplified product. In

some optional embodiments, a probe described in the same
row can be used to detect an amplified product amplified by
forward and reverse primers from the same row. Such a
60 method can be a diagnostic method, where a sample is derived
from a mammalian animal suspected of being infected with a
MAP organism. A diagnostic method can be used for example
to diagnose a MAP related/caused disease or condition, such
65 as but not limited to Johne’s disease and/or Crohn’s disease,
by detecting the presence of a MAP organism in a sample
derived from a mammal suspected of having this disease.
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As shown in Table 3, an Assay ID number (such as 61801,
61802 etc.) is assigned to describe an associated primer pair
and associated probes that can be used for amplification and/
or detection of a target MAP sequence (such as in non-limit-
ing examples SEQ ID. NOs: 1-5, Table 1) and/or fragments
and/or complements thereof. These specific combinations of
primer pairs and probe sequences have been designed to
selectively amplify MAP specific target nucleic acid
sequences. In some embodiments these primer pairs are
degenerate.

In some embodiments, multiplex assays may be performed
by simultaneously contacting a sample with the one or more
primer pairs. Multiplex assays of the disclosure can be per-
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The above experiment demonstrates the feasibility ofusing
any of the assays listed below as a specific and highly sensi-
tive detection method for Mycobacterium avium subsp.
paratuberculosis. In some embodiments, the disclosure pro-
vides a set of highly-specific TagMan® assays for the detec-
tion of Mycobacterium avium subsp. paratuberculosis.

One or more advantages of the methods of the present
disclosure are described in the following section. Each indi-
vidual assay can independently serve as a highly-accurate
diagnostic assay for MAP detection. Each assay has the
advantage of targeting single-copy gene in the MAP genome
instead of genomic insertion sequences that are utilized in
other MAP detection assays. Insertion sequences have the
capacity to mobilize between genomes and insert into new

formed in parallel or sequentially. B species, making them suboptimal for a species-specific assay.
Each of the assays was tested against the 16 sequenced The currently described assays and methods are able to
Mycobacterium avium strains to confirm diagnostic sensitiv- detect MAP in multiple host species including sheep, cattle,
ity and specificity. For every assay the forward primer, reverse  and bison quickly and accurately with no cross-reactivity
primer and probe were diluted in a mix to 900 nM for each between very closely related M. avium subspecies making it
primer and 250 nM for the probe (final, 1x, concentration). 20 ideal for veterinary diagnostics.
84, of sample DNA (18-39 ng) was input into a 25 pL. qPCR While the foregoing specification teaches the principles of
using the Path-ID™ qPCR master mix and each candidate  the present invention, with examples provided for the purpose
MAP assay. The thermal profile and qPCR set-up is shown  of jllustration, it will be appreciated by one skilled in the art
below in Table 4. 25 from reading this disclosure that various changes in form and
detail can be made without departing from the spirit and scope
TABLE 4 of the invention. These methods are not limited to any par-
MAP AgPath-ID Master Mix ticular type of sample or nucleic acid contained.therein for
e.g., total genome DNA, RNA, cDNA and the like may be
25 ul reaction volume 5o analyzed using some or all of the methods disclosed in this
1X Component 100 rxns disclosure. This disclosure provides powerful tools for analy-
5ul Sample 500 ul . . . . .
.50 ul NF H20 550 ul sis of complex nucleic acid samples. From experiment design
12.50 ul 5X Path-ID PCR Master Mix 1250 ul to detection of MAP microbes, the above disclosure provides
1.00 ul 25X MAP Primer Probe Mix 100 ul for fast, efficient and inexpensive methods for detection of
55 Pathogenic organisms.
Thermal Profile All publications and patent applications cited above are
1. 95dC: 10 mins: 1Rep incorporated by reference in their entirety for all purposes to
2.95dC: 15 sec the same extent as if each individual publication or patent
80dC: 80 sec application were specifically and individually indicated to be
40 Reps . . .
40 SO incorporated by reference. Although the present invention
has been described in some detail by way of illustration and
Table 5, below, has results of sensitivity and specificity example for purposes of clarity and understanding, it will be
testing. There was no cross-reactivity with any other non- apparent that certain changes and modifications may be prac-
MAP species (with a CT cutoff<38 considered positive). ticed within the scope of the appended claims.
TABLE 5
Pig Dog deer
Wood Red White Interme- Interme- Interme-
pigeon Asian  Tailed Ruddy Avian  lipped diate diate diate
Sample M. Elephant Hawk Duck  broadbill deer Pig sp. sp sp bison bison cattle cattle sheep sheep
Info silvaticum MAA MAA MAA M avium MAH MAH MAC MAC MAC MAP MAP MAP MAP MAP MAP
Assay  ATCC 10-  10-  11- 05- 10-  10-  10- 09- - 10- 10- 10-  10- 08  11-
IDNo. 49884 5581 9275 4751 4293 4249 5606 5560 5983 0986 4404 5975 5864 8425 8281 1786
61801 4000  40.00 40.00 40.00  40.00  40.00 40.00 40.00 40.00 4000 27.12 28.50 2847 2931 30.57 27.03
61802 4000 4000 40.00 4000  40.00 4000 40.00 40.00 40.00  40.00 20.10 21.17 2030 21.15 22.04 20.68
61803 4000  40.00 40.00 40.00  40.00  40.00 40.00 40.00 40.00  40.00 2601 27.56 2635 2730 28.06 25.11
61805 4000 4000 40.00 4000  40.00 4000 40.00 40.00 40.00  40.00 1973 20.12 19.60 20.69 21.49 20.09
61808 4000  40.00 40.00 40.00  40.00  40.00 40.00 40.00 40.00 4000 1833 19.69 19.05 19.57 20.04 19.53
61813 4000  40.00 40.00 4000  40.00  40.00 40.00 40.00 40.00  40.00 29.65 30.04 29.86 30.88 31.10 29.91
61815 4000  40.00 40.00 40.00  40.00  40.00 40.00 40.00 40.00 4000 19.78 2145 2136 2216 22.14 21.03
61816 4000  40.00 40.00 40.00  40.00  40.00 40.00 40.00 40.00  40.00 21.03 2230 2121 23.19 2274 2111
61817 4000 4000 40.00 40.00  40.00 4000 40.00 40.00 40.00  40.00 32.05 33.05 3155 33.60 3449 30.34
61819 4000 4000 40.00 4000  40.00 4000 39.76 40.00 40.00  40.00 26.62 25.74 2812 27.34 28.55 27.02
61822 4000 4000 40.00 4000  40.00  40.00 40.00 40.00 40.00  40.00 19.59 20.26 2000 21.08 20.75 20.04
61823 4000 4000 40.00 4000  40.00 4000 40.00 40.00 40.00  40.00 19.31 20.06 19.83 2033 2027 20.28
61825 4000 4000 40.00 4000  40.00 4000 40.00 40.00 40.00  40.00 18.21 19.23 1926 19.63 19.57 19.20
61826 4000 4000 40.00 4000  40.00 4000 40.00 40.00 40.00  40.00 2073 21.02 2259 2312 2245 21.58
61829 4000 4000 40.00 4000  40.00 4000 40.00 40.00 40.00  40.00 19.12 19.91 19.78 2025 2022 19.56
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TABLE 6

SEQ ID NOs: 1-5

SEQ ID NO: 1:
CGGGTGCGGATTGATCAGCCGCCCATGGGCCACCAGCGATCCGTGTTGCTTGAGCCGCTGGG
TGCGGACGTTGACCTCGTAGCCGAGCACCCCGTCGAGCTGGCCGAGTTGCTCGCGCAGGTAG
CGGTACAGGTCGTCGGAATCTCGGCAGATGGCCACGGCCATCAGGTTTTTGGATCCGCTTGT
GGCGCCGGCGAAAGCAATCTGCGGATGGGCCGCGATACGTTCGCCGACCGTGTGCACGTCG
CGAGGCGCAACCGTGAGCCACAGCATGGCGCTGAGGCGATGGCCGAGCCGTTCGGGTAGTA
CGTCGACGTCGTAGACCAGGGCGCCGCAGGCCTCCAGCGCCGCGATCCGCCTGCTCACCCGC
GCCACCGACCAACCGGTGCGCGCGGCCAGTTGGGACTGCGGAGTGCGGCCGTCGTCGGCGA
GCGCCGCGAGCAGCGGGCGGTCTTCGGCGGTGGGCCGGGACCGGTGAGTTCCCGACTCCGG
CTGGGCCCGCGCGGCCACGATCCGCTGCGCTTGCCGGTCCGAGAGCGCGCTGCCGTAGCCCG
TCCAGGGCGCGTTCACCGGGTCGCCGAACGAATGCAGCATCAGATCGATGCTGATGTCGGTG
ACCGCGGCGGTGCGCGGTAGGAGCTGCGTCAGCAGGTCCTCGCGGGTGTCGCCCAGCGGLG
CACGGATGACGCAGACCAGGTCGGTCCACCCCGCCAGCACATTGGCGTGGGACACGTCGGG
GCGTCGCACCAGCGCGTCGGCCAGCCGCGATATGCGGTCCGGCGCCGCACGGATGCGGCAC
ACCCAGTCCGCGTCGCCATCGGCCCACCGGTTCTCCAGCCCGACGACGCGCACCACCCCGTC
GCGGCGCAGCCGGTGATACCGCCGGGCGACCGTCTGCTCGGTGGCGCCCACCACGCTGGCG
ATCCGGCGAAACGAGACCCGGGGAGCTAACTGCAGGGCGTGCAGAATCTGTGCGTCTAACT
CGTCGGTCATCAGGAAAAGTATCCGCGTGGACAGGTCCAAGTGAGGATTTCAGGCCAATTTG
GTCGCGGCGAGCGCAATTTCAACGCCTCCGCTGTCAGCCTGGAAGCTCGGCCTAAGGAGCGC
TCACATGCACATCGAAATCGGACTGCCCAGCCATATCGCCCACGTGCGGGGGCGGCTGACC
GTCGAGTGGGCCCGCCGGGCCGAACACCGCGGCTTTGCCGGCCTGGCCGCGATCGACCGGC
TGGTGTACCCGAGCCTCGACGCGATGACCGCGCTCGCGGTGGCCGCGGGCGCGACCACCGG
CATCGGGTTGACGTTCAACGTGCTGCTCGCTCCGCTGTACCCCGCGGTGCTGCTGGCCAAGC
AGGTCATCACCCTCGCGGAGGCGTCCGGCGGCCGGCTGCGCCTGGGGCTGGGCGTCGGGAG
CCGCTGCGACGACTACACCGCCGTCGGCGTCGACTATCGGCGGCGCGGGCGCATTCTCGACG
AGACGGCGGCGCTGCTGCGTGCCGCGTGTGAGGCCGAGGTGGTGACCGGCGACCAGCCGCT
GTGCCCGGCGCCGGTGCGGATCCCGATCCTGTTCGGTGGACGGGCGGACGCGACGATCCGC
CGCGCCGTGACCGTCGGTGACGGCTGGACCGCCGGGGCGCTGCGCGATTACGCCAACCAGT
CGGTGTTCGCCGAGCGGGTCCGGGCGGCATGGGCGGCGECGGGGCCGCTCCGGACGGCCGTG
GCTGCAGGCCAGCGTCAACTTCGCCTTCGGCGATGACGAGGCCGTCGCCGCTGGCCGCAGAL
ACCTGCAGAGCTACTACGGCTTCAAGCCCGACTACGCCGCCCTCAACGTCGCCGACATGC
TCACCACGCCGCAGGAGGCGGC

SEQ ID NO: 2:
CCCGCACCGCCGGTCCTGCCGCCGGACAATGCCGCGTTGGCTTCGCCGGCTGCCGCCGTGAC
GCGGCCTTCGGCGGCGACTTCGGCGTCCGCGGCGGCCAGCACCTCGGCTTCACCTGCCATGG
CCGCGGGGCCCATGTTGCGCATCGCCGTGCTGGCTGTGGTGGCCTGGGTCTCGACGCTGAAC
AGCTTGTCCTTCAACATGCCCAGACCCGTCCCGATCGGTGACAGGATCGTCGAGGCGATGTT
GTAGCCCTTGATCGCCAACCATGCCGTGCCCATTGCACCCACACCGACGGTCACCGCATCCA
GCAACGGCTTGTGCTCGGTGAGCCAATGCGCCGACTCCCCAAGCACCCCAACGACTTCAGTC
ATCGCTGGCAGAAAGTCCTGGCCGATCTCGATGCGGGCTGCGCTCAACGCCCCCTTGAAGTC
CTTCATCTTGGCGTTGTAGGTCTCCTGGGATTCGGTGAATCCCTTGGTATTGCCCGCACCGTC
GGCCTGCGCCTGACTGACCTCCTTGACCGCGGCAGCGGCTTTGGGCCCGTTCTCCCCGACCA
ACTGCAATACCGTCCGCAGATTGTCTTGGCCGCCGACCATGAGGGCCAGCGCTTGGATCATC
GACTGGACATCACCCTTGCCGGACTTGAGCTGATTGTTGAAGCCTGTCAATGCTTTTTCTTGG
TTCCACCACTGCTCGACAAGGTTGGCTTCCTCAACGCTCAAGCCGCCGCGGTCCTTGCGGAA
CTGCTTGTACGCCTCAGCATTGTTCTGGATCGCCGTCGCGACCGCCTGCGCCTGCGCGGGCA
GCTTCGAGAACATCTCATTAGCGCTGTCGGCCACCTGCTTGCTCTTGAACCAGGCGTCCAGC
GTGACCATCCCCGACGGGCCAAGCTTCGACTGGATCGTGTCATACAACAGGTTCGCGGTGCC
GATCAGGCCGCGCTCCCCGAAATGCTCCTGAATGTCACGGGCATCCAAACCGAGCTGTCCCA
TCTCCTGGGACATTTGCTGGGTTGGCTTGGCCAGCGACGTGATCGCGTGCGTCATATTCTGG
GTGGCCTGATCAGCACCCATACCCGACTGAGTGAGCATCGCCAACGACGCATACAGGTCATT
GACGCTTTCACCAACTCCGGCCGCGACCGGCTCGACGTTGTGCAACGCCCCCGCGAAGTCTT
GCAGCGAAACCTTCGACAACCCCACGGCCACATTCAATTTCGAGGTGACGTTGGCGGCCTGC
TCGACCGGGATGTGGTAGTCGTGCATCGTGGTCGTGACCGCGCTGATCGTCTCGCCCAGGTC
CGCGCCCTCTTCGGACGCAAGCTGCGCTGAAGCCGTCAACACCTTGATCGCATCACTGCCCC
GATAGCCGGCCTTCTCGACACCCAGCGCAGCGTCCATCAGCTTTTGAGGCGCATAACCGACC
ACGCTCGACAGTTTCAGCACGCCATCGCTGATCGCCTTCAGATTGGCCGGCGACTCCTCGGC
CACCGTGTGCAGCCTCTGCAACGACTGCTGGAAATTCCCCGCCGCATCAGTCGCCGAGACA

SEQ ID NO: 3
ACATCGGGTGGAGTGCGGGGAGATCGAGCACGCGCTGCGCGGCCACCCGCTGGTCGCCGCC
GCGACGGTGGTCCCCATCCACAACTGCACTGCGCTGGGCGCCGGGATCGTCGTAACCGGCA
GCGGCGCAGAGCAATTTGACGACTCCACACCCGGCGCGCTGCGCGCCCATCTCGCCGTCCGA
CTCCCGCAGTACATGATCCCCAAGGTGTTCGTCTCATGCCCCGAGCTACCGCTCACCGCCAA
CGGCAAGGTCGACCGGGGCAAAATCGCGGCGCGCCTCGAAGCGGCCGCGCGGGCACCCCAG
CCGCTCGACACGTCATCCACCCTCACTGTGGTCGAGCGGCTGGTCGCCGAGGTCTGGTCCGA
TGTGCTGGGCGCGCCGATCACCGGCCGCGAGGACAATTTCTTCGCCCAGGGCGGCGATAGCC
TGCGCGCCACCGAAGCGGTCGCCCGACTGACGCGCAGGGGAGTGGCCGGAGCGGAGGTGGG
CCAGCTGCTCAGCCACCAGACGCTTGGGCAGTTCAGCGCGGCGTGTGTGCTCGCCGACCCGG
CATCCGAGGCATCCGAGTCGGCGGCCGATGTCGGCGAACCCGTGACACCGGGCGAGGGGTT
CCCGCTCACCCGGTTGCAGCAGGCCTACACGCTGGGCGCGGCCGGACTCAATGGGAGCACC
TGTGCACCAACGTATTTCGCGGTGGTGCTGGCCGCCGCGCCCGAGTCTGCCGGTATAGACCT
GGATCGGTTTGCCCGTGTGGTCACCAGATGCGTCGACGAATTCGCGATGCTGCGGTGCGCGT
TGGACGCCGACACCACCCAACGGGTGCAGGTCGACGCCGGGCCGGTGCCCGTCCATGACCT
TGATATACAAGACGACCCCGACCTGTTACTGCGGCGCATGGCGGCCGCCCCGTTCGATCCGC
ATTCGGTTCCGGTGATCCAGTGCTTCGCACCGTCGAGGTCACCCCGTCACGTCGGTCTGCTG
ATCAGCTATCTGGGCCTCGATGCCCGCAGCCTGTCCACCGTCGTCACCACGATCATCGCCGA

32
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TABLE 6-continued

SEQ ID NOs: 1-5

ATACCAGTCGCAACCCCGGCCGCGGCAGGTCGACCCGACCGCGGCGGTCTTCGCCCGGTTTG
CCTCCGAAAGCGCTTGGGGCGAAAACGATGTCGACAACAGCGTTGCCGGCCCTCCGCTGCTG
CCGCTGCACGACCAGCGACGTGACCCCTTCGAGCGGGTCACCTTCGCGCGGCGCAGCTTCAC
CATCGAAGAACAGGCTGCCGCCACGCTGCGTGAGCACGCCGCACACCTCGGCGTCACCCCC
ACCGCGCTGGTCTTCGAAGCCTTCGCACATGCGCTGGCGTCGATCGGCGCCGGTCAGCGATT
CGCGGTGACAGTCCCCAAGTCGTACCGTCCCGACTACGCCCCCGCGGACCGCGAGGTGTTGG
GCAACTTCACCCGCCTGGCGCTGTGCGAGGTCGACTACGGCGCCGTGAGACCGGGATCTGCC
GAAGCGGTTGCCGCGGCGCAGCGGGAACTGTGGCGCGCGGTGAGCCACGACGGTGACATCA
CCGGCGGGCTGGCCGCAACGCGGACCGCGGGTGGCTACCCCGTGGTGTTCACCAGCACCCT
GGGGCTCACCCATCAGGACGCCAGCGGGCTGACCAACGTGCGGACATTGACCCAGACCCCG
GGCGTCTGGCTGGACTGCCAGACCGAGGACGAGGTCGCCGGAATTCGTATGAGCTGGGACA
TAGCTACCAATGTGGTTGCCGCGGAATCGATCTCGGTGGCTTTTTCCCGATTCGAGGAGGCG
GTGCGGCGCCACGCGGGGCAAGCCGAGCCGCCGGGCACGGCCGTTGCTCCGGCGGTGGGCG

SEQ ID NO: 4
AGTGGGCGAGCGCGGTGATCGCCGCCGCGCTGCGCCACTGCCGACCCGAGCAGGTGCTGCC
GCAATACACCATGCTGGTGCGGCGCTGGGAGGCACTGCGATACGTCCCCTCAGGATACGCC
GCTTCCGACGTCGAACGGGCGGCTCGCCGGTTGGCCGGCATCGTCACCGGAGCCGTGTCACC
CCAGACGCTGATCGGAGACCCGCAGCTGACGCCCGAGGCGCTGCTGCTGCGTGACGACCGC
ATGCGGATGGCCCTCGACGACCTGGCCGGGGCCATCTTCGGGCACGCGCGCACGCTGGGGT
GGCGGCTTCGCGTCGTGGAAGTCGGCTCCCGGACCGGCCTGATCACCGAACGGTTGACCGA
GCTGGTGGGCGTGGTGGTCGAGGAATACTTGTGCCTGGAGCCAAACCCGACGCTCGCCGGA
ATCGCCGCCGGGCGGCGCTTCCCGGCCCCGACCCGCCACGTCGACGCACCCGACGCGGCGTC
GGGCGTCGACGTGGTGATCTGCTGTGGGTCGCTGCATCAGCTGCCCGACGCGGAGGCGGTCC
TCGAGGCGATCACCGTGTCCGACGACGGTTGGCTGTGGATGGTGGAGAATTCCGAGGCCAC
CCAAGCGACGCTCATCAGCGCGGCCGTTCTCGACCCCGGCCTGCTCGCGTCCGATTCGAAGA
CGCTGCGTCCGGCCGATCGGTGGTGGCGGCTCATCGCCGACCACGGTTGGCGACCGACGCAC
ATGATCCAGGACGGACCCGGCCTCACGCTCATCGCGCACCGCCCCGACAAGCCCGGCATGL
CGACACCGCCGGCCGAACAGCGCCGCGACGGTAGGTGGTCGCGACCGGCTGTGCCGGCGTC
GTCGCTGCCGACCGACGCCACGGTGGTGGCCACGCTTGCCGAGATCTGGCAGCGTCATCTCG
CCATTCCAACACCCGGCGTCGACGACGACTTCTTCCTGCTCGGCGGTGACAGCCTCGTCGCG
ACCCGGGTCTACGCCGACCTTCGGGCCGCCGGTTTCGGCCAACTCGCTTTCGTCGACCTGTTC
AACCACTCGACGCTCGGTGAGCTCGCGGCACACGCCGGCCCGCGCACCGGCCCGGAAGTGT
CGGTGGCGGCTGAGTCGACCCGGGGCGGCACCCACGACCCGAACCGATTCCCGCTCACCGT
CGTGCAGAACGCGTATCGGGCCGGGCGAGAAGGCGCGTTGATCCTCGGCGGCGTCGCCGCG
CACTGCTACTTCGAGTTCGAGCTCGCGGACTTCGACCGGCCGAGATTCGATTCGGCCGCACG
CCAACTCGTAGCACGCCACGCCGGACTGCGCACCACGGTGTCACCGGCGGGCACCGACGCG
GCCTCCTCGGGTGAGGTCGCCGTCGTGCACACCGCGCCGATCGAGCCCGTCGTGCGAGACCA
CGACGACGTGCGAGCCGCGATGCGCGACCAGATCATCGACTTGACGGCCCGCCCGGGCATC
GACTTCGGGGTGCAAACCCGCGGCGACGGGCGCACCGTCGTCGGCATCAGCATGGACAACA
CCATGCTCGACGGCGCCAGCATGATGATCGCCCTGTCCGAACTCGATCACCTCTATCGCGGC
GAAACCGTTGACCAATTGCCGCCGCTGGAAACGTCTTTCGCGCACTACGTGTGGAACCACCC
GGAGCTGCTGCCCGACGCCGACGAGGCGGTGCTGCCGCGGCTGGCCGCCAGCCGAGACTAT
TGGCGCGCACGCCTGCCATCTTTGCCGCCGGCGCCGAAATTGGCCGACATGTCACTGCTGTT
CGAGATCGAGGAGCCGAGGTTCGAACGGGCAACCGCGACCATTCCCGCCGTCGACTGGTCG
CAGGTAACGCGATCGTGCCGTGCCGAGGGCGTCACCGTCGCGTCATTTCTGCTCGCCAACTA
TGCACGGGTGCTGTCTCGGTGGTCGGGGACCGACCACTTCTGCATCAACGTCACGCTATTCG
ACCGCGACCCCGATGTCGTGGGGATCGAAAACGTCGTCGGAGATTTCACTTCCCTGGTGTTG
TTGGAGTGCCGAGTCGATGAGCCCGCCTCGATCTGGGAGAGCGTGCGCGCTCTGCAGCGGC
AATTGATGACCGACCTGCCGCACCGCGGCGCGGACGCGGTGTGGCTGCAACGCGAACTGCT
GCGGTTTCACGGCAACCCGACGGCCGCGCTGTTTCCCGTCGTCTTCACCAGCGGACTGGGCC
TTGTCGACGCCTCGGCTCGGGCGGCGGTCCGGTTCGCCGAACCGGTATTCGCCGCCTCGCAG
ACACCGCAGACGGTGTTGGACTTCCAGGTGTGGGAAAGCGCGGGGGCGCTGAAGCTGTCGT
GGGACTTCGTCAGTCAGGCGGTGTCGCCGGCCACCGCGCGCACTCAGCTCGAGTCGTTGGTG
GACGGCATCACCGGTGTCGCCACACGCAGCCGCCGCATCGAACACAAGTTGGGCGAGGGGG
CATCCAATGACGAGCTCCTGCAACGTGTTTCGAGGATCTGCGCGTCCGCCCTGGGTCAGCCG
AGGGTCGAACCTCACGACAATTTCTTCCAGCTCGGCGGCGATTCGGTCAGCGCGACCAAGGT
GGTCGAACAGATCGGCCGTGAGCTGTCAGCCTCGGCCACCCTTCGACTGCTGTTCGCCAATC
CGGTGATCGGCGACTTCGCCGCCAAAATCGCCGACACTGACAACGCCGACGAACCCGACCT
GACCGTTGAGGAGGGCATGTTATGACCGCGGCCGAGCTCGTCGACCACCTGCGGGGTATCG
GCGTCCAACTGTGGGCCGACGGTGAGAATTTGCGCTACCGAGCACCGCAACAAGTCCTCACC
GCGGACCTGAAAGCTCAACTGGCGGCGGTCAAAACGGACGTGATTACCCTGCTGGCGGAAG
AGACGACCCTGCTGCGCGCGCCGCAGGACCGGTTCGAGCCGTTTCCGCTCACCGACGTGCAA
GCCGCATATCTGGTCGGGCGCACGTCGGCGTTTCAGTGGGGCGGGGTAGGCTGCCACGGCTA
CGCCGAGTTCGCGGTCGACCACACCGTGGCAACACCGAGCGCCGAGCAATATCGGGAGGCG
TGGCGCAAGGTTGCCGACCGCCACGACATGTTGCGCTGCGTCGTTCATCCCGAGGGGTATCA
GGTGATATGCCCCGACGTGCCCGACGACGGGCTGGTCATCCATCAGTGTCACACGGTCGAAG
ACGTTGCCGGCGTACGTGCCGGGGTCACGGAACATCTGCGTAACCGGATATATCCGCTGGGC
GAAGCGCCGATGTATGACCTGGTGATCACGATGGGCCCTGACGACACCGTGGTCCATCTGTC
CGTTGACCTGCTGATCGCCGACTTCGTCAGCATCTCCATCCTGATGACCGACTTTCAGCAGTG
CTTGCTTGACCCCGAATGCGACCTTGCGCCCGTCGATTTCAGCTTCCGCGACTACCTGCTGAA
TCTCGCTCGCGAGCGAAGCTCGGCCGCCGGTAGTGCCCGCCGGGAACGCGATCTCGCCTACT
GGCGGGATCGGCTCGATCAGCTGCCGTCACCACTGTCGTTACCGGTGCTGCCCGACGACTAG
ACGCCGTCAGCGTCGCGGACGGCACCGACCTTTTCACGGCGTTCGATGCGCCTGTCGGCCGA
GCGTTTCGAGGTGCTCAGCCGGCGCGCGGCAGAGCACGGAGCGACCGTCAACGTCGCCATC
GTGACGGCATTCAGCCGGGCCATCGCACGCTATGGCGATCGCGACCATTTCCTGCTGACCCT
GACGACCATGGACCGCCACGCGTTCACTCCCGCCGTCGGGCAGTTGGTCGGGGATTTCACCG
GCACCAGCGTGCTCGAAGTCGATGTCCGCGGACAGCGCACCTTCGCCGAACTGCTGCACGGT

34
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TABLE 6-continued

SEQ ID NOs: 1-5

GTCGGTGATCGTCTCTTCGACGACATGGACCATTCGACCACCGGCGGCGTCAACGTCGCCCG
GCTCCTGGGGCAGCGCGACGACGACCGAGGTGAGCAGACGCCCGTCGTGTTCACCTCGACA
CTCGGCGCCACGACCCGAATCGACAGCGGCGCAACATCTTTGTTGCACCCGATTCAAGGTCG
CGGTCTGAGCCAGACTCCTCAGGTGCTGCTGGACTGTCAGGTCGCCGAAATCGACGGCATGC
TTGAGGTCAACTGGGACACCCGCGATCAGGCCGTGCCCGCCGAGGTCCTCGACCGCGCGTTC
GCCGACTTCCGCCACGCCCTGGATCTGCTCAGCACCGACGCCTCGGCCTGGCACCGGCCGCT
ATTGCCGGCCCAGCCCCCCGAGACCACACCGGTCGAGGGGCCACGCACACACCATGAACCG
GCGCTGATCCATACCGGGTTCCTGCGCAACGTGCTGGTGACACCGGATGCCGTCGCCATCCG
CCACGGTGATCGGGCCACCACGTACGCCGAATTGCTCGCTGCCGCGACCGCGGTGGCCGAC
ACGCTGGCCGCGACGGGGGTGCGGCCGCGTGACTACGTCGGTATCCGGTTGCCGCAGGGCT
CCGCCCAGATCGCGGCTCTCCTGGGCGCATTGCTGGCCCGGGCCGCCTATGTGCCGTTGGAC
GTCGGCTGGCCCACTCACCGCGTCGACCAGATCGCGGCCCAATGCTCGCTGGCAGCGCTGTG
CGAGCCGGACGGAGAGGTGGACCGGCTGCTTGCCGACCCGCAGACCTGGTCACCGCGCGCG
GCGGTGGTGCCGGAGCCCCACAGCGAGGTGCT

SEQ ID NO: 5
CCGACTCCGGTAACCAGCAACCCGATCTGGGCTCGGTTGATGATTTCACCCCAGGACGCAAG
GGCGCTCCAACCCTCAAAGTGGTTCACCTCGGGCTGATGTGGGGACAACACGGGGCCGGCA
TCGGTGGCCTTGTCAAAAACCGGTTCGTGAAAATGGTCGTATCCAAAGATCAGGTCGGCCCC
CATACATTCGGCTTGGATGACCGCGGCACGCCAGGTCCGGTAGTTCGGGGTCCCGGCCGGLT
GGATCTGAACACCAACGGAGGAGATCATTGCCCGCCACCCGGCTGTCGATCCCGCGAGGGT
TGCAGTCGGTGGGTGATCCAGTCGAGGATGATTGACTGGGTATCTGCCGTGTAGCCCATGTG
CCCGGTGGCARAGAACCGCGCCGATTTGGGGGACCCGTGCTCGAGCAGCAGGTAGTAGTCG
CTGATCGGGAATACGGTGTCGTGTAGCCCGTTGATGAGCAGCGTCTCAGCGCAGGGCCGGTC
CAGGATACCTTGGCGTACAAGGGACAGCTTCGGCGCGTAGTCCACCCATTGCTCGAAGGTGT
CGCGCCCAAATGCATAGGCGAGGGTCTCGGCCAGCTCGAAGGGGTACTCGCCTGATTGGGC
CTGCTCGATCCACTCGGCGTCAAAGCCATGGTCGATGCAGCCGCCTTGGCTGACCACACAGG
CGAGGGAGTTCCGGTGGGTGTGGGCGATTTTGGCCGCCCAGTAGCCACCGGTACTACCACCC
CAATAGCCCACACCCGCCGGGTCGAGTTCGGGTCGCCCGGCGATCCACTCCAACACGGGGG
TGAACATTCGCTCGGCGTCCTCCGAACCAGCCAGCGGAGCATCACCGACCCCGGGGATGTCG
ATCGCCAATGTTGCGACGTTCCGGGCGAGCACCTGATCGGTGTGCATGTCTTCCTTGAAGGT
GTCGATCCCGCCCGAGACGAGCAATACAGGCAGCCGGTCCGTCGCCTTCGGGACACGCAGA
TGGGCGATGATGCGGTCACCCTCCCCGGGCCGCCCGGCGAACGGGATCTCGACACGCTCGAT
GGGGATGTCGAAGTACCGGGATGCGCGCAGCAACATTTCCTGCGACTTGCGGTAGGCGCTCT
TCTTACCGGCCGAATTCATCGTCGGGTAGCGGGCCATGCGGTAGTAGCCATAGGCGCGCARA
TAGTTTTCGTGTGCCACACTGGTGTCGCCAATCTGTTCGGCCTCTTCGGCTCGGGCCTGATAG
CGTGCGGCCACGGCACTGAACGCGGCCGCCCAGGCGTCGCGATCATAGGAGTTCAGGCCGC
TCAACACGCCCTGCACATCATCGGCGAGCGTGTACTGAAACGGATAAATTCCCGCCGTGGCC
GAGACCGCCATAGCGGCCATAGCTCGGTCACCGGTCGCGTGTGTCGCTTCACACGGCCAAGT
TATGACCGCTCGCGGCTGCAGATATTGGAGAAAACGGACATCTCACGCGTGCCGTGGGCGA
GCCGCACCGGGAAGTTCTGTGGGAGCCGCTCCAGCCAGTGCCAGGCATTCGCTGATCAGGTG
GGACTGATCGGCGTAACCCGCCTCGATCGCTAGATCGGCCCACCGGATTCGGTGATCACCGG
CATGGATCAAATCCAGCAGCCGCTGGAACCGGAAAATCCGGCCAAGCCGCTTGGGGCCGAA
GCCGACCGCGGCGTCGAACCGACGGCGAAGCTGCCGCTCGCTCAACCCAACAGAGGAGGCG
ACATCCGAAACAGAGCGGGCCGGGTGGACACGCAGCATCTCGATTGAGTGCGCCACTGGCT
GATCGACCACGGGATCGATCTTGACCACATACCGCGCCAGCACCGCCGCCAATAATGCGAC
CCGTTGCCGAAAAGCGTTGGCCTCCAGCACATCCTCAGCCAATCCGGACGCGGATGTCCCGA
ACACCGAGTCAACCCGGATCTGGGTATCTCTTAACTCGCTGACAGGATGGCCCAGCACCGCG
GCGGCAGCACCCGGTCGTAACCGCAGACCGATCATCGCACCTTCGGTGCCCGCACATTGGTC
GTAAAAGGTTGTGGCCGGACCAGAAACCATGACTGCGCCCTCGGCGGTGACGAACAGATCG
ACGCAACCGTCCGGCATCACCCGCAGCGCCCCACCCGCGGTATTCGAGCGCACCCAGCCAC
AGTCCACATACGGCGCGAGCGCACCCAAAGGTCGACACTCCAAATACCCGACCATCACGCT
CACATTCAGCCAGGTCCTACGTCGCTCCGCAACAAATTGGGCCGCAATCCTTCGAAGCCGCC
CGGTCAGCGCAGACTCCCAGGCGGCAATACTCGTGAACCGTAAACTGCGGCGTAGAGGARR
TGCCCGCCAGGGCGCAACACCCGCGCCACTTCGGCGAGAAAGCGTGACAGG

SEQ ID NO: 6:
CGGTGCGCGGTAGGA

SEQ ID NO: 7
CGACCTGGTCTGCGTCATC

SEQ ID NO: 8
CCGCGAGGACCTGCTGACGC

SEQ ID NO: 9
GCGATCCGGCGAAACG

SEQ ID NO: 10
GACGAGTTAGACGCACAGATTCT

SEQ ID NO: 11
ACGCCCTGCAGTTAGCTCCCCG

SEQ ID NO: 12
ATCGACCGGCTGGTGTAC
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TABLE 6-continued

SEQ ID NOs: 1-5

SEQ ID NO: 13
GCGAGCAGCACGTTGAAC

SEQ ID NO: 14
TCGACGCGATGACCGCGCTCG

SEQ ID NO: 15
CAGACACCTGCAGAGCTACTAC

SEQ ID NO: 16
AGCATGTCGGCGACGTT

SEQ ID NO: 17
CAAGCCCGACTACGCCGCCCT

SEQ ID NO: 18
TCGCGGTGCCGATCAG

SEQ ID NO: 19
GTTTGGATGCCCGTGACATTC

SEQ ID NO: 20
CCGCGCTCCCCGAAATGCTC

SEQ ID NO: 21
CGGCGAACCCGTGACA

SEQ ID NO: 22
CACAGGTGCTCCCATTGAGT

SEQ ID NO: 23
CCGCGCCCAGCGTGTAGGC

SEQ ID NO: 24
GCGCAGCTTCACCATCGA

SEQ ID NO: 25
GTGCGAAGGCTTCGAAGAC

SEQ ID NO: 26
AACAGGCTGCCGCCACGCT

SEQ ID NO: 27
GCCACGACGGTGACATCA

SEQ ID NO: 28
CCAGGGTGCTGGTGAACA

SEQ ID NO: 29
CCGCGTTGCGGCCAGCCCG

SEQ ID NO: 30
GGAATCGATCTCGGTGGCTTTT

SEQ ID NO: 31
CCACCGCCGGAGCAA

SEQ ID NO: 32
CCGCGTGGCGCCGCA

SEQ ID NO: 33
GCCGCGACGGTAGGT

SEQ ID NO: 34
CCAGATCTCGGCAAGCGT

SEQ ID NO: 35
ACGACGCCGGCACAGCC

SEQ ID NO: 36
CGGACGGAGAGGTGGAC

SEQ ID NO: 37
GGGCTCCGGCACCA

SEQ ID NO: 38
TTGCCGACCCGCAGACCTG
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SEQ ID NOs: 1-5

SEQ ID NO:

39

GGTAACCAGCAACCCGATCTG

SEQ ID NO: 40
CCCGAGGTGAACCACTTTGA
SEQ ID NO: 41

TCGGTTGATGATTTCACCCCAGGACGC

SEQ ID NO: 42
GGCGTCCTCCGAACCA
SEQ ID NO: 43

GCAACATTGGCGATCGACATC

SEQ ID NO:

44

CAGCGGAGCATCACCGACCCCGG

SEQ ID NO: 45
GGCTCGGGCCTGATAGC
SEQ ID NO: 46

GCGGCCTGAACTCCTATGATC

SEQ ID NO: 47
CCGCGTTCAGTGCCGTGGCC
SEQ ID NO: 48

GCAATACTCGTGAACCGTAAACTG

SEQ ID NO: 49
GTGGCGCGGGTGTTG
SEQ ID NO: 50

CCCTGGCGGGCATTTCCTCTACG

40

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 50

<210> SEQ ID NO 1
<211> LENGTH: 1863

<212> TYPE:

DNA

<213> ORGANISM: Mycobacterium avium

<400> SEQUENCE: 1

cgggtgcgga

ggtgcggacyg

gtagcggtac

gettgtggeg

cacgtegega

gggtagtacg

getcaccege

gththgCg

tcecegactee

getgeegtag

gatgctgatyg

ggtgtegece

ggegtgggac

ttgatcagce

ttgacctegt

aggtcgtcgg

ceggcegaaag

ggcgcaaccyg

tcgacgtegt

gccaccgace

agcgecgega

ggCtgggCCC

ccegtecagy

tcggtgaceyg

agcggegeac

anthgggC

geccatggge

agccgageac

aatcteggea

caatctgegyg

tgagccacag

agaccagggc

aaccggtgeg

gcagcegggcyg

gegeggecac

gegegtteac

cggcggtgcg

ggatgacgca

gtcgcaccag

caccagcgat
ccegtegage
gatggccacy
atgggccgeg
catggegetyg
gecgecaggece
cgeggecagt
gtctteggeyg
gatccgetge
cgggtcgecg
cggtaggage
gaccaggtcg

cgegteggec

cegtgttget

tggccgagtt

gccatcaggt

atacgttege

aggcgatggc

tccagegecy

tgggactgcg

gtgggecggyg

gettgeeggt

aacgaatgca

tgcgtcagea

gtccacceeg

agccgegata

tgagcegetyg
getegegeag
ttttggatcce
cgaccgtgty
cgagcegtte
cgatcegect
gagtgeggece
accggtgagt
ccgagagege
gcatcagatce
ggtectegeg
ccagcacatt

tgcggteegg

60

120

180

240

300

360

420

480

540

600

660

720

780



41

US 9,255,299 B2

-continued
cgecgeacgg atgeggcaca cccagtecge gtegecateg geccaccggt tctecagece 840
gacgacgcege accaccccgt cgeggegcag ccggtgatac cgccgggega cegtetgete 900
ggtggegecee accacgcetgg cgatccggeg aaacgagacce cggggagceta actgcaggge 960
gtgcagaatc tgtgcgtcta actegtceggt catcaggaaa agtatccgceg tggacaggtce 1020
caagtgagga tttcaggcca atttggtcgce ggcgagcgca atttcaacgce cteccgctgte 1080
agcctggaag ctcggectaa ggagcegetca catgcacate gaaatcggac tgcccagcca 1140
tatcgeccac gtgeggggge ggctgacegt cgagtgggece cgecgggecyg aacaccgcegg 1200
ctttgcegge ctggccgega tcgaccggct ggtgtacceg agcectcgacg cgatgaccgce 1260
gctegeggtyg gecgegggceg cgaccaccgg catcgggttyg acgttcaacg tgctgctege 1320
tcegetgtac ceccgeggtge tgctggccaa gcaggtcatce accctegcegg aggcgtcecgg 1380
cggeeggetyg cgectgggge tgggegtegg gagecgetge gacgactaca ccgecgtegg 1440
cgtcgactat cggeggegeg ggcgcattet cgacgagacyg geggegetge tgcgtgecge 1500
gtgtgaggce gaggtggtga ccggegacca gecgetgtge ceggegecgg tgeggatcecce 1560
gatcctgtte ggtggacggg cggacgcgac gatccgecge gecgtgacceg teggtgacgg 1620
ctggaccgee ggggegetge gegattacge caaccagteg gtgttegeceyg agegggtcecg 1680
ggeggcatygyg geggegeggg gcecgeteegg acggeegtgg ctgcaggeca gegtcaactt 1740
cgecttegge gatgacgagg ccgtcgecge tggecgcaga cacctgcaga gctactacgg 1800
cttcaagcce gactacgecg ccctcaacgt cgecgacatyg ctcaccacge cgcaggaggce 1860
ggc 1863
<210> SEQ ID NO 2
<211> LENGTH: 1551
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 2
ccegeaccege cggtectgcee gecggacaat gecgegttgg cttegecgge tgcegecgtyg 60
acgcggectt cggeggegac tteggegtee geggeggeca gcacctegge ttcacctgee 120
atggccgegg ggcccatgtt gegcategee gtgetggetyg tggtggectyg ggtctcgacyg 180
ctgaacagct tgtccttcaa catgcccaga ceegtceccga teggtgacag gatcgtegag 240
gecgatgttgt agcccttgat cgccaaccat gecgtgecca ttgcacccac accgacggtce 300
accgcatcca gcaacggett gtgcteggtg agecaatgeg ccegactcccce aagcacccca 360
acgacttcag tcatcgetgg cagaaagtcce tggecgatet cgatgeggge tgcgetcaac 420
geecccttga agtecttcat cttggegttg taggtctect gggatteggt gaatcccttg 480
gtattgcceyg caccgtegge ctgegectga ctgacctect tgaccgegge ageggcetttg 540
ggecegttet cceccgaccaa ctgcaatacce gtccegecagat tgtcettggec gecgaccatg 600
agggccageg cttggatcat cgactggaca tcacccttge cggacttgag ctgattgttg 660
aagcctgtca atgettttte ttggttecac cactgctega caaggttgge ttcectcaacyg 720
ctcaagccege cgcggtectt geggaactge ttgtacgect cagecattgtt ctggatcgee 780
gtegegaceyg cctgegectyg cgcgggcage ttcgagaaca tctcattage getgtceggece 840
acctgettge tcttgaacca ggcgtcecage gtgaccatee cecgacgggece aagcttcgac 900
tggatcgtgt catacaacag gttcgeggtg cegatcagge cgegetcccee gaaatgetcee 960
tgaatgtcac gggcatccaa accgagctgt cccatctect gggacatttg ctgggttggce 1020
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-continued
ttggccagceg acgtgatcge gtgcgtcata ttetgggtgg cctgatcage acccatacce 1080
gactgagtga gcatcgccaa cgacgcatac aggtcattga cgctttcacc aactccggece 1140
gegaccgget cgacgttgtg caacgeccce gegaagtett gecagcgaaac cttcgacaac 1200
cccacggceca cattcaattt cgaggtgacg ttggcggect gectcgaccgg gatgtggtag 1260
tcgtgcatceg tggtegtgac cgcgctgatce gtetegecca ggtccgegece ctetteggac 1320
gcaagctgeg ctgaagccgt caacaccttg atcgcatcac tgccccgata gccggectte 1380
tcgacaccca gecgcagcgte catcagettt tgaggcgcat aaccgaccac gctcgacagt 1440
ttcagcacgce catcgctgat cgccttcaga ttggccggeg actcctcecgge caccgtgtgce 1500
agcctetgca acgactgctg gaaattcccee gceccgcatcag tcgcecgagac a 1551
<210> SEQ ID NO 3
<211> LENGTH: 1847
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 3
acatcgggtyg gagtgegggg agatcgagca cgegetgege ggecaccege tggtegecge 60
cgegacggtyg gtccccatce acaactgeac tgegetggge gecgggateyg tcegtaaccgg 120
cagcggegea gagcaatttg acgactccac acccggegeg ctgegegece atctegecgt 180
ccgactcceeg cagtacatga tccccaaggt gttegtctea tgccccgage taccgetcac 240
cgccaacgge aaggtcgacce ggggcaaaat cgeggcegege ctegaagegyg ccgegeggge 300
accccageceg ctcgacacgt catccacccet cactgtggte gageggcetgyg tcegecgaggt 360
ctggtecgat gtgetgggceg cgccgatcac cggecgcegag gacaatttet tcegeccaggg 420
cggcgatage ctgcegegeca ccgaageggt cgeccgactyg acgegcaggyg gagtggecgg 480
agcggaggtyg ggccagetge tcagccacca gacgettggg cagttcageg cggegtgtgt 540
gctegecgac ceggcatceg aggcatccga gteggeggece gatgteggeg aacccgtgac 600
accgggcegag gggtteccge tcacceggtt geagcaggece tacacgcetgyg gcegeggecgg 660
actcaatggg agcacctgtg caccaacgta tttegeggtyg gtgetggeceyg ccgegeccga 720
gtetgeeggt atagacctgg atcggtttge cegtgtggte accagatgeg tcgacgaatt 780
cgegatgetyg cggtgegege tggacgecga caccacccaa cgggtgcagyg tcgacgecgg 840
geeggtgecee gtecatgace ttgatataca agacgaccce gacctgttac tgeggcgeat 900
ggeggecgee cegttegate cgcatteggt teceggtgate cagtgetteg caccgtcgag 960
gtcacccegt cacgtcggte tgctgatcag ctatctggge ctecgatgecce gcagectgte 1020
caccgtegte accacgatca tcgccgaata ccagtcegcaa cceccggecge ggcaggtcga 1080
ccecgaccegeg geggtcetteg cecggtttge ctecgaaage gettggggeg aaaacgatgt 1140
cgacaacagce gttgeeggece cteccegetget gecgetgecac gaccagcgac gtgaccectt 1200
cgagegggte accttegege ggcgcagett caccatcgaa gaacaggcetyg ccgecacget 1260
gegtgagcac gcecgcacace tcggegtcac ccccaccgeg ctggtetteg aagecttege 1320
acatgcgectg gegtcgateg gegceccggtca gcgattegeg gtgacagtece ccaagtcegta 1380
cegteccgac tacgecccceg cggaccgega ggtgttggge aacttcacce gectggeget 1440
gtgcgaggte gactacggeg ccgtgagacce gggatctgece gaageggttg cegeggegea 1500
gegggaactyg tggegegcegg tgagecacga cggtgacatce accggegggce tggecgcaac 1560
geggaccegeyg ggtggctace ccegtggtgtt caccagcace ctggggetca cceccatcagga 1620
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cgecageggg ctgaccaacg tgcggacatt gacccagace cegggegtet ggcetggactg 1680
ccagaccgag gacgaggtceg ccggaattcg tatgagetgg gacatagcta ccaatgtggt 1740
tgccgeggaa tcgatctegg tggettttte ccgattcecgag gaggcggtgce ggcgcecacgce 1800
ggggcaagcece gagcecgcecgg gcacggecgt tgcteeggeg gtgggceg 1847
<210> SEQ ID NO 4
<211> LENGTH: 4716
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 4
agtgggcgag cgcggtgatc gecgeegege tgegecactyg cegacccgag caggtgetge 60
cgcaatacac catgetggtg cggcgetggg aggcactgeg atacgtcccee tcaggatacg 120
cegettecga cgtegaacgg geggctegee ggttggecegyg catcegtcace ggagecgtgt 180
cacceccagac gctgatcgga gacccgeage tgacgceccega ggcegetgetyg ctgegtgacyg 240
accgcatgeg gatggeccte gacgacctgg ceggggecat cttegggcac gegegecacge 300
tggggcggeyg gettegegte gtggaagteg getccceggac cggectgate accgaacggt 360
tgaccgagcet ggtgggegtyg gtggtcgagg aatacttgtyg cctggageca aacccgacgce 420
tegeeggaat cgcegeeggg cggcgettee cggecccgac cegecacgte gacgcacccyg 480
acgcggegte gggegtegac gtggtgatcet getgtgggte getgcatcag ctgeccgacyg 540
cggaggeggt cctegaggceg atcacegtgt cegacgacgg ttggetgtgyg atggtggaga 600
attcecgagge cacccaagcg acgctcatca gegeggeegt tetegaccee ggectgeteg 660
cgteegatte gaagacgetg cgtccggecg ateggtggtyg geggctcate gcecgaccacyg 720
gttggcgace gacgcacatg atccaggacg gacccggect cacgctcatce gegcaccgece 780
ccgacaagece cggcatgecg acaccgecgg ccgaacageyg ccegegacggt aggtggtege 840
gaccggetgt gecggegteg tcegetgecga ccgacgecac ggtggtggec acgettgecg 900
agatctggca gcgtcatctce gecattecaa caccceggegt cgacgacgac ttcttectge 960
tcggecggtga cagcectcegte gegacceggg tctacgecga cecttegggece gecggttteg 1020
gccaactege tttegtcgac ctgttcaacce actcgacget cggtgagetce gcggcacacy 1080
ceggeccgeg caccggeccg gaagtgtegg tggeggcetga gtegaccegyg ggcggeacce 1140
acgacccgaa ccgatteccceg ctcacegteg tgcagaacge gtatcgggece gggcgagaag 1200
gcgegttgat ccteggegge gtegeccgege actgctactt cgagttcgag ctegeggact 1260
tcgaccggee gagattcgat tcggccgeac gecaactegt agcacgccac gccggactge 1320
gcaccacggt gtcaccggeg ggcaccgacg cggcectecte gggtgaggte gecgtegtge 1380
acaccgcgee gatcgagece gtegtgegag accacgacga cgtgcgagece gcgatgegeg 1440
accagatcat cgacttgacg gcccgecegg geatcgactt cggggtgcaa accegeggeg 1500
acgggcgcac cgtcegtegge atcagcatgg acaacaccat gcetcecgacgge gccagcatga 1560
tgatcgceccct gtccgaacte gatcacctcet atcgecggcega aaccgttgac caattgccegce 1620
cgctggaaac gtctttcecgeg cactacgtgt ggaaccaccce ggagctgctg cccgacgecg 1680
acgaggceggt gctgecgegg ctggcecgeca gecgagacta ttggegcegea cgcectgecat 1740
ctttgcegee ggcgecgaaa ttggcecgaca tgtcactget gttcecgagatce gaggagccga 1800
ggttcgaacg ggcaaccgcg accattcceg cecgtecgactyg gtegcaggta acgcgatcegt 1860
gcecgtgeega gggcegtcace gtegegtcecat ttcectgectcege caactatgca cgggtgetgt 1920
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ctecggtggte ggggaccgac cacttctgca tcaacgtcac gectattcgac cgcgacccecg 1980
atgtcgtggg gatcgaaaac gtcgtcecggag atttcacttce cctggtgttg ttggagtgece 2040
gagtcgatga gccecgecteg atctgggaga gegtgegcege tcetgcagegg caattgatga 2100
ccgacctgee gcaccgegge geggacgegg tgtggcetgea acgcgaactyg ctgeggttte 2160
acggcaaccce gacggccgeg ctgtttecceg tcegtecttcecac cagcecggactg ggccttgteg 2220
acgcctegge tegggeggceg gteceggtteg cegaaccggt attegecgece tcegcagacac 2280
cgcagacggt gttggacttc caggtgtggg aaagcgceggg ggcgctgaag ctgtcecgtggg 2340
acttcgtcag tcaggcggtyg tcegccggcca ccgecgcgcac tcagctcgag tegttggtgg 2400
acggcatcac cggtgtcgcce acacgcagece gecgcatcga acacaagttyg ggcgaggggg 2460
catccaatga cgagctccetg caacgtgttt cgaggatctg cgcgtccgece ctgggtcagce 2520
cgagggtcga acctcacgac aatttcttce agectecggegg cgattcggte agcgcgacca 2580
aggtggtcga acagatcggce cgtgagectgt cagecctegge cacccttcecga ctgcetgtteg 2640
ccaatcceggt gatcggegac ttcgcegeca aaatcgcecga cactgacaac gccgacgaac 2700
ccgacctgac cgttgaggag ggcatgttat gaccgcggcce gagctcecgteg accacctgeg 2760
gggtatcgge gtccaactgt gggccgacgg tgagaatttg cgctaccgag caccgcaaca 2820
agtcctcacce gecggacctga aagctcaact ggcggcggtce aaaacggacg tgattaccct 2880
gectggeggaa gagacgacce tgctgegege gecgcaggac cggttegage cgttteceget 2940
caccgacgtg caagccgcat atctggtcgg gcgcacgtceg gegtttcagt ggggceggggt 3000
aggctgccac ggctacgecg agttcgeggt cgaccacacce gtggcaacac cgagcegecga 3060
gcaatatcgg gaggcgtgge gcaaggttge cgaccgccac gacatgttgce gctgegtegt 3120
tcatccegag gggtatcagg tgatatgcce cgacgtgecce gacgacgggce tggtcatcca 3180
tcagtgtcac acggtcgaag acgttgccgg cgtacgtgcce ggggtcacgg aacatctgceg 3240
taaccggata tatccgctgg gcgaagcgce gatgtatgac ctggtgatca cgatgggecce 3300
tgacgacacc gtggtccatc tgtccgttga cctgctgatc geccgactteg tcagcatcte 3360
catcctgatg accgacttte agcagtgctt gcttgacccce gaatgcgacce ttgecgccegt 3420
cgatttcagc ttccgcgact acctgctgaa tctegctege gagcgaaget cggccgecgg 3480
tagtgcccge cgggaacgcg atctcgecta ctggcgggat cggctcgatce agectgccgte 3540
accactgteg ttaccggtge tgcccgacga ctagacgeceyg tcagegtege ggacggcace 3600
gaccttttca cggcgttcga tgcgecctgte ggccgagcegt ttcgaggtgce tcagceccggceyg 3660
cgeggcagag cacggagcga ccgtcaacgt cgecatcegtyg acggcattca gccgggecat 3720
cgcacgctat ggcgatcgeg accatttcecct gctgaccectg acgaccatgg accgccacgce 3780
gttcactcee geecgteggge agttggtegg ggatttcacce ggcaccagceg tgctcgaagt 3840
cgatgtccge ggacagcgca ccttcecgecga actgctgcac ggcgteggtg atcgtcetcett 3900
cgacgacatg gaccattcga ccaccggegg cgtcaacgte geceggetee tggggcageg 3960
cgacgacgac cgaggtgagce agacgccegt cgtgttcace tcegacacteg gcegecacgac 4020
ccgaatcgac agcggcgcaa catctttgtt gcacccgatt caaggtcgeg gtctgageca 4080
gactcctcag gtgctgetgg actgtcaggt cgccgaaatc gacggcatgce ttgaggtcaa 4140
ctgggacace cgcgatcagg ccgtgeccge cgaggtecte gaccgegegt tcegecgactt 4200
cegecacgee ctggatcectge tcagcaccga cgecteggece tggcaccgge cgctattgee 4260
ggeccageee cccgagacca caccggtcega ggggccacge acacaccatg aaccggceget 4320
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gatccatacc gggttecctge gcaacgtgct ggtgacaccg gatgccgtcecg ccatccgeca 4380
cggtgatcegg gccaccacgt acgccgaatt getegetgece gegaccgegyg tggecgacac 4440
getggecegeyg acgggggtge ggccgegtga ctacgteggt atcceggttge cgecagggecce 4500
cgcccagate geggcectctece tgggegecatt gctggeccecegg gecgectatg tgcecgttgga 4560
cgteggetgg cccactcace gegtcgacca gatcgeggece caatgctege tggcageget 4620
gtgcgageeyg gacggagagg tggaccggcet gettgecgac cegcagacct ggtcaccgeg 4680
cgeggeggtyg gtgccggage cccacagcga ggtgcet 4716
<210> SEQ ID NO 5
<211> LENGTH: 2392
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium avium
<400> SEQUENCE: 5
ccgactcegg taaccagcaa cccgatctgg geteggttga tgatttcace ccaggacgca 60
agggcgctece aaccctcaaa gtggttcace tegggctgat gtggggacaa cacggggcecyg 120
gcatcggtgyg ccttgtcaaa aaccggttceg tgaaaatggt cgtatccaaa gatcaggteg 180
geecccatac attecggettyg gatgaccgeg gcacgecagg tcecggtagtt cggggtcccg 240
geeggetgga tctgaacace aacggaggag atcattgcce gecaccegge tgtcgatccce 300
gecgagggttyg cagtcggtgg gtgatccagt cgaggatgat tgactgggta tctgccegtgt 360
agcccatgtg cccggtggca aagaaccgeg cegatttggg ggacccegtge tcegagcagca 420
ggtagtagte gctgatcggg aatacggtgt cgtgtagcce gttgatgage agegtctcag 480
cgcagggeceg gtccaggata ccttggegta caagggacag ctteggcegeyg tagtccacce 540
attgctcgaa ggtgtegege ccaaatgcat aggcgagggt cteggccage tcgaaggggt 600
actcgectga ttgggectge tcgatccact cggegtcaaa gecatggteg atgcagecge 660
cttggetgac cacacaggcg agggagttce ggtgggtgtyg ggcgattttyg gecgeccagt 720
agccaccggt actaccaccc caatagecca cacccgeegyg gtegagtteg ggtegeccegg 780
cgatccacte caacacgggg gtgaacattce geteggegte ctecgaacca gccageggag 840
catcaccgac cccggggatg tcgatcgeca atgttgegac gttecgggeyg agcacctgat 900
cggtgtgcat gtcttecttyg aaggtgtega teccgceccga gacgagcaat acaggcagcece 960
ggtecegtege cttegggaca cgcagatggg cgatgatgeg gtcaccctec cegggccgee 1020
cggcgaacgg gatctcgaca cgctcgatgg ggatgtcgaa gtaccgggat gcegegcagca 1080
acatttcecctg cgacttgegg taggcgctct tcttaccgge cgaattcate gtegggtagce 1140
gggccatgeg gtagtagcca taggcgcegca aatagtttte gtgtgccaca ctggtgtege 1200
caatctgttc ggcctctteg getecgggect gatagecgtge ggccacggca ctgaacgcegg 1260
cegeccagge gtcegegatca taggagttca ggecgctcaa cacgecctge acatcatcgg 1320
cgagegtgta ctgaaacgga taaattccceg cegtggecga gaccgccata gceggecatag 1380
ctcggtcecace ggtcecgegtgt gtegettcac acggccaagt tatgaccget cgcggctgca 1440
gatattggag aaaacggaca tctcacgcgt geccgtgggeg agccgcaccg ggaagttetg 1500
tgggagccgce tccagccagt gcecaggcatt cgctgatcag gtgggactga tceggcegtaac 1560
ccgcectegat cgctagatcg geccaccgga ttceggtgatce accggcatgg atcaaatcca 1620
gcagccgetyg gaaccggaaa atccggccaa gecgettggg gecgaagecg accgeggegt 1680
cgaaccgacg gcgaagcetge cgctcegetca acccaacaga ggaggcgaca tccgaaacag 1740
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-continued

52

agcgggeagyg gtggacacge agcatctega ttgagtgege cactggetga tcgaccacgg 1800

gatcgatctt gaccacatac cgcgccagca ccgecgccaa taatgegacce cgttgecgaa 1860

aagcgttgge ctcecagceaca tectcageca atccggacge ggatgtcecg aacaccgagt 1920

caacccggat ctgggtatct cttaactcgce tgacaggatg gcccagcacce geggcggcag 1980

cacccggteg taaccgcaga ccgatcatcg cacctteggt geccgcacat tggtcegtaaa 2040

aggttgtgge cggaccagaa accatgactg cgecctegge ggtgacgaac agatcgacgce 2100

aaccgtcegyg catcaccege agegecccac ccgeggtatt cgagegcace cagcecacagt 2160

ccacatacgg cgcgagegca cccaaaggte gacactccaa ataccegace atcacgctca 2220

cattcagcca ggtcctacgt cgctceccgcaa caaattgggce cgcaatcctt cgaagccgcece 2280

cggtcagege agactcccag geggcaatac tcgtgaaceg taaactgegg cgtagaggaa 2340

atgccegeca gggcgcaaca cecgegecac tteggegaga aagegtgaca gg

<210> SEQ ID NO 6

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 6

cggtgcgegg tagga

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 7

cgacctggte tgegtecatce

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 8

ccgegaggac ctgctgacge

<210> SEQ ID NO 9

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 9
gegatcegge gaaacyg
<210> SEQ ID NO 10
<211> LENGTH: 23

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

2392

Synthetic

15

Synthetic

19

Synthetic

20

Synthetic

16
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-continued

54

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 10

gacgagttag acgcacagat tct

<210> SEQ ID NO 11

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 11

acgccctgea gttagetece cg

<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 12

atcgaccgge tggtgtac

<210> SEQ ID NO 13

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 13

gecgagcagca cgttgaac

<210> SEQ ID NO 14

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 14

tcgacgegat gaccgegete g

<210> SEQ ID NO 15

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 15
cagacacctyg cagagctact ac
<210> SEQ ID NO 16
<211> LENGTH: 17

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

23

22

18

18

21

22
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-continued

56

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 16

agcatgtegg cgacgtt

<210> SEQ ID NO 17

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 17

caagcccgac tacgecgecce t

<210> SEQ ID NO 18

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 18

tcgeggtgee gatcag

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 19

gtttggatge ccgtgacatt ¢

<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 20

cecgegetece cgaaatgete

<210> SEQ ID NO 21

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 21
cggcegaacce gtgaca
<210> SEQ ID NO 22
<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

17

21

16

21

20

16
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-continued

58

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 22

cacaggtgcet cccattgagt

<210> SEQ ID NO 23

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 23

cecgegeccag cgtgtagge

<210> SEQ ID NO 24

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 24

gegeagette accatcga

<210> SEQ ID NO 25

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 25

gtgcgaagge ttcgaagac

<210> SEQ ID NO 26

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 26

aacaggctge cgccacget

<210> SEQ ID NO 27

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 27
gecacgacgg tgacatca
<210> SEQ ID NO 28
<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

20

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

19

18

19

19

18
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-continued

60

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 28

ccagggtget ggtgaaca

<210> SEQ ID NO 29

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 29

cegegttgeg gecageceg

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 30

ggaatcgatce tcggtggett tt

<210> SEQ ID NO 31

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 31

ccaccgeegg agcaa

<210> SEQ ID NO 32

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 32

cegegtggeg ccgea

<210> SEQ ID NO 33

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 33

gecgegacgg taggt

<210> SEQ ID NO 34

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

18

19

22

15

15

15
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-continued

62

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 34

ccagatcteg gcaagegt

<210> SEQ ID NO 35

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 35

acgacgcegg cacagec

<210> SEQ ID NO 36

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 36

cggacggaga ggtggac

<210> SEQ ID NO 37

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 37

gggcteegge acca

<210> SEQ ID NO 38

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 38

ttgccgacce gcagacctyg

<210> SEQ ID NO 39

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 39
ggtaaccagce aacccgatct g
<210> SEQ ID NO 40
<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

18

17

17

14

19

21
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-continued

64

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 40

cccgaggtga accactttga

<210> SEQ ID NO 41

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 41

tcggttgatyg atttcaccce aggacge

<210> SEQ ID NO 42

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 42

ggcgtectee gaacca

<210> SEQ ID NO 43

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 43

gcaacattgg cgatcgacat ¢

<210> SEQ ID NO 44

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 44

cagcggagca tcaccgaccce cgg

<210> SEQ ID NO 45

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 45

ggctegggee tgatage

<210> SEQ ID NO 46

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

20

27

16

21

23

17
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-continued

66

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 46

geggectgaa ctectatgat ¢

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 47

cegegtteayg tgcegtggec

<210> SEQ ID NO 48

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 48

gcaatactcg tgaaccgtaa actg

<210> SEQ ID NO 49

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 49

gtggcgeggg tgttg

<210> SEQ ID NO 50

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 50

cectggeggyg catttectet acg

Synthetic

21

Synthetic

20

Synthetic

24

Synthetic

15

Synthetic

23

What is claimed is:
1. A method for differentially detecting Mycobacterium
avium paratuberculosis (MAP) comprising: 55

obtaining nucleic acids from a sample;

contacting the nucleic acids from the sample with at least
one primer set, having one forward primer and one
reverse primer, wherein the at least one primer set is
selected from: SEQ ID NO: 6 and SEQ ID NO: 7; or 60
SEQ ID NO: 9 and SEQ ID NO: 10; or SEQ ID NO: 12
and SEQ IDNO: 13; or SEQ IDNO: 15 and SEQ ID NO:
16; or SEQ ID NO: 18 and SEQ ID NO: 19; or SEQ ID
NO: 21 and SEQ ID NO: 22; or SEQ ID NO: 24 and SEQ
ID NO: 25; or SEQ ID NO: 27 and SEQ ID NO: 28; or 65
SEQID NO: 30 and SEQ ID NO: 31; or SEQ ID NO: 33
and SEQ IDNO: 34; or SEQ IDNO: 36 and SEQ ID NO:

37; or SEQ ID NO: 39 and SEQ ID NO: 40; or SEQ ID
NO:42and SEQIDNO: 43; or SEQIDNO: 45 and SEQ
ID NO: 46; or SEQ ID NO: 48 and SEQ ID NO:49; and
full complements thereof;

amplifying at least one MAP-specific target nucleic acid

from the sample to form an amplified nucleic acid,

wherein the at least one MAP-specific target nucleic acid is

selected from the group consisting of SEQ ID NO:1,
SEQ ID.NO: 2,SEQID NO: 3, SEQIDNO: 4, SEQID
NO:5, and full complements thereof, wherein the fore-
going target nucleic acids are present in MAP organisms
and absent in non-MAP Mycobacterium Avium Com-
plex (MAC) organisms, wherein the non-MAP MAC
organism is selected from the group consisting of Myco-
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bacterium avium subsp. Avium (MAA), Mycobacterium
avium subsp silvaticum (MAS), and Mycobacterium
subsp hominissuis (MAH),

wherein detecting the amplified nucleic acid confirms the

presence of a MAP organism in the sample.

2. The method of claim 1, wherein the step of detecting an
amplified nucleic acid comprises using a probe that can
hybridize to and reveal the presence of the amplified nucleic
acid.

3. The method of claim 2, wherein the probe is selected
from SEQ ID NO: 8, SEQ ID NO: 11, SEQ ID NO: 14, SEQ
IDNO: 17, SEQIDNO: 20, SEQIDNO: 23, SEQ ID NO: 26,
SEQ ID NO: 29, SEQ ID NO: 32, SEQ ID NO: 35, SEQ ID
NO: 38, SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID NO: 47,
SEQ ID NO: 50, full complements thereof and labeled deriva-
tives thereof, wherein the label is selected from a dye, a
radioactive isotope, a chemiluminescent label, an enzyme, a
fluorescein dye, a rhodamine dye, a cyanine dye and combi-
nations thereof.

4. The method of claim 1, wherein the sample is an veteri-
nary sample, an animal sample, a food sample, an agricultural
sample, a produce sample, a clinical sample, an environmen-
tal sample, a biological sample, a water sample or an air
sample.

5. The method of claim 4, wherein the animal sample is
obtained from a cow, a sheep, a bison, a ruminant, a deer, a
rabbit, a fox or a bird.

6. The method of claim 1 further comprising:

detecting the presence of at least two MAP-specific nucleic

acids that are absent in non MAP MAC organisms com-
prising:

amplifying from the sample a first MAP specific nucleic

acid by contacting nucleic acids present in the sample
with at least a first primer set, comprising one forward
primer and one reverse primer, the first primer set
designed to amplify the first MAP specific nucleic acid;
and amplifying simultaneously from the same sample a
second MAP specific nucleic acid by simultaneously
contacting nucleic acids present in the sample with at
least a second primer set, comprising one forward
primer and one reverse primer, the second primer set
designed to amplify the second MAP specific nucleic
acid, wherein the contacting in steps a) and b) is per-
formed under conditions suitable for a nucleic acid
amplification reaction,
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wherein the first and the second MAP-specific nucleic
acids that are absent in non-MAP MAC organisms, are
selected from the group consisting of SEQ ID NO:1,
SEQ ID.NO: 2,SEQID NO: 3, SEQIDNO: 4, SEQID
NO: 5, and the full complements thereof; and

detecting at least one amplified nucleic acid amplified by
either the amplification reactions of steps a) or b),
wherein detection of at least one amplified nucleic acid
indicates the presence of a MAP organism in the sample.

7. The method of claim 6, further comprising detecting the
first and the second amplified nucleic acids amplified by the
amplification reactions steps a) and b).

8. A kit for use in the method of claim 1 comprising:

at least one synthetic primer set selected from SEQ ID NO:
6 and SEQID NO: 7; or SEQ ID NO: 9 and SEQ ID NO:
10; or SEQ ID NO: 12 and SEQ ID NO: 13; or SEQ ID
NO: 15and SEQIDNO: 16; or SEQIDNO: 18 and SEQ
ID NO: 19; or SEQ ID NO: 21 and SEQ ID NO: 22; or
SEQ ID NO: 24 and SEQ ID NO: 25; or SEQ ID NO: 27
and SEQIDNO: 28; or SEQID NO: 30 and SEQID NO:
31; or SEQ ID NO: 33 and SEQ ID NO: 34; or SEQ ID
NO:36and SEQIDNO: 37; or SEQIDNO: 39 and SEQ
ID NO: 40; or SEQ ID NO: 42 and SEQ ID NO: 43; or
SEQ ID NO: 45 and SEQ ID NO: 46; or SEQ ID NO: 48
and SEQ ID NO:49; and full complements thereof; and

at least one labeled probe selected from SEQ ID NO: §,
SEQIDNO: 11, SEQ ID NO: 14, SEQ ID NO: 17, SEQ
ID NO: 20, SEQ ID NO: 23, SEQ ID NO: 26, SEQ ID
NO: 29, SEQ ID NO: 32, SEQ ID NO: 35, SEQ ID NO:
38, SEQ ID NO: 41, SEQ ID NO: 44, SEQ ID NO: 47,
and SEQ ID NO: 50, and full complements thereof,
wherein the label is selected from a dye, a radioactive
isotope, a chemiluminescent label, an enzyme, a fluo-
rescein dye, a rhodamine dye, and a cyanine dye;

one or more components selected from a group consisting
of: at least one enzyme, dNTPs, at least one buffer, at
least one salt, at least one control nucleic acid sample;
and

an instruction protocol.

9. The kit of claim 8 wherein the probe is labeled with two
labels.



